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ABSTRACT 
Trees in cities grow closest to where people live, work and travel, and offer a wide range of 
ecosystem services (ES). Emerging urban forest research has focused on helping 
communities and urban tree managers build awareness of the connections between urban 
forest structure, ES and the quality of human life in rapidly growing cities. Yet translation of 
the proliferation of urban ES scholarship to urban forest policy, planning and investment has 
been inconsistent.  
This study focuses on the robustness and relevance of measures and values of urban ES being 
presented to decision makers. Opportunities were identified to improve contemporary 
techniques for gathering and applying evidence to strengthen the case for strategic planning 
and investment in street trees. For example, a new approach to pre-stratification in sample 
survey design to account for unevenness in the density and distribution of street trees across 
115 residential suburbs, in the case study city of Brisbane, Australia, was used to confirm that 
their goal of increasing residential footpath tree shade cover from 35 per cent in 2010 to 50 
per cent by 2031 was achievable. A strong case for continuing to invest was also justified by 
analysing additional data about 2,299 houses that sold between 2008 and 2010, gathered from 
within the same 80 sample sites as the street tree sample survey.  
Hedonic price modelling revealed that home-buyers were willing to pay a premium for 
houses with 35 per cent street tree cover nearby. These premiums translated to annual 
property value benefits that exceeded annual costs of street tree planting and maintenance in 
Brisbane in 2009-10 by a ratio of between 2.06 and 2.20:1. Returns of almost AU$1 million 
per year to the local government and an additional AU$1-1.2 million per year to the state 
government in property tax revenues were also identified. This approach advances the 
broader use of ES valuation as both a business case development and policy revision tool. 
However, results of a preliminary survey of four international cities, Sacramento (USA), New 
York City (USA), London (UK) and Melbourne (Australia) who had made significant 
investments in major street tree planting projects in the last 10 years, suggest that structural 
measures and ES valuations are a subset of a range of robust and contextually relevant inputs 
to making the case for planning and investing in urban forests and green infrastructure.    
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DEFINITIONS OF TERMS 
 
Ecosystem services (ES) 
Ecosystem services are the direct and indirect goods and services provided by ecosystems for 
human well-being (MEA, 2003; Fisher and Turner, 2009; De Groot et al.,2010). They range 
from clean air and water, production of food, recycling of soil nutrients, control of pests, to 
liveable climates, cultural and educational values. Those that impact negatively on human 
well-being are termed disservices. The ES concept was put forward by scientists to encourage 
communities and decision makers to recognise their dependence on nature and their 
responsibilities, as nature’s beneficiaries, to sustain healthy productive ecosystems (Daily, 
1997).Urban ecosystems are highly altered socio-ecological systems impacted by dominant 
non-natural built forms and the urban forest is one of the main suppliers of Urban ES 
(Ecsobedo, et al., 2011; Dobbs, et al., 2014) 
 
Green Infrastructure (GI) 
The term used to describe the suite of natural or naturalised systems, within urban areas, 
such as greenspaces, waterways, streetscapes, bioretention systems, green roofs, etc, that can 
complement and sometime offer alternatives to traditional built or grey infrastructure. Unlike 
grey infrastructure such as roads, culverts and pipes, which are built for a single purpose, GI 
is multipurpose, delivering environmental, social and economic benefits that may cost more 
than grey infrastructure, but which demonstrate significant multi-value returns over the long 
term. The urban forest collective and its components are a subset of GI systems (Figure 1-
1).Water based components, such as waterways and wetlands, are sometimes separately 
referred to as blue infrastructure. 
Urban Forest (UF) 
All vegetation, planted or naturally grown, on public and private land within towns and cities 
including backyards, parks, natural area reserves, waterways, plazas, etc. UF management 
most commonly refers to the tree component.  
Street trees  
The subset component of trees in the UF, that grow along streetside footpaths (or verges) 
(Figure 1-1). The focus of this project were trees growing on footpaths in residential 
suburbs- rather than those along major roadsides or in commercial and industrial centres. 
Tree cover  
Tree cover is a shortened term for tree canopy cover/coverage as viewed from above, 
measured from remotely sensed imagery sources such as satellite and aircraft, and usually 
expressed as the percentage of a land area. 
xvi 
 
Hedonic price model (HPM) 
A multiple regression model used as a form of nonmarket valuation that breaks down the 
price of a good, in this case, house sale price, into its component characteristics to derive the 
subset implicit price of the characteristics. The model separates the contribution of house, 
property, and neighbourhood features, including environmental and social attributes, as 
explanatory variables of the sale price, the dependent variable. Also referred to as a revealed 
preference method, HPM, identifies homebuyers’ willingness to pay for each of the 
significant characteristics, and allows causal and prediction applications. 
Urban forest structure 
UF structure refers to the extent, density, size, species composition, health, and spatial 
configuration of trees in an urban area (Nowak, et al., 2008a; Sanders, 1984). In Australia, 
urban areas are defined in the Australian Statistical Geography Standard as Urban Centres 
and Localities as geographical units with a core population of more than 1,000 persons 
(ABS, 2015). 
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CHAPTER 1  
INTRODUCTION 
Urban trees are increasingly recognised as more than just green relief amongst buildings and 
other built (grey) infrastructure of cities. Proof of their crucial role in delivering multiple 
environmental, social and economic benefits (Akbari, et al., 2001; Dwyer, et al., 1991; 
McPherson, et al., 1997; Nowak and Dwyer, 2007) has supported the claim that they now 
enjoy a new status as green infrastructure (GI) and essential elements of sustainable and 
liveable cities (Ely and Pitman, 2014; Hubacek and Kronenberg, 2013; Kollin and Schwab, 
2009; Silvera Seamans, 2013; Wang, et al., 2014). However, investments in planning and 
managing urban trees, grown on public land, compete for limited local government funds in 
many cities around the world (Kollin and Schwab, 2009; Rubin, 2008).  Grey infrastructure 
managers build evidence-based support for investment in grey assets, such as buildings, roads 
and bridges using standard business case approaches. Modelling tools and techniques, based 
on valuing ecosystem services (ES) of urban trees, have been developed to help green 
infrastructure managers similarly quantify benefits and returns from strategic investments 
(Jonnes, 2011; MacDonald, et al., 2010).  
This research contributes to a better understanding of how contemporary evidence building 
techniques of analysing urban forest (UF) structure and valuing ES can be adapted and 
applied to inform planning and investment in street trees, using an Australian city as a case 
study.  Although often a small subset of the UF (Figure 1-1), street trees growing along the 
front of residential properties were chosen as the focus of this research because of their 
challenging and changing role in the UF. Street trees offer a wide range of ecosystem services 
(ES) because they grow closest to where people live, work and travel. Compared to other 
trees in the UF, this proximity to people and urban activities also drives the need for intensive 
planning and management of street trees, in order to balance their benefits against risks, 
liabilities, impacts and costs (Figure 1-2). 
This first chapter presents an introduction to the research problem and the Brisbane case 
study, specifies the research questions and defines the aim and objectives of the study. It also 
provides an overview of the study methods and concludes by outlining the structure of the 
thesis and defining key terms used in this field of research. 
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Figure 1-1 Representation of the hierarchy of green infrastructure (GI), urban forest (UF), 
urban trees and street trees terminology used in this study. The images from left to right show 
city centre street trees, commercial centre street trees and residential area street trees. The 
latter are the subject of this study. (Images are sourced from BCC public documents, except 
for image on the right, which is the author’s) 
 
3 
 
 
Figure 1-2 Environmental, economic and social benefits of street trees, adapted from Ely and 
Pitman (2012) and disservices, costs and liabilities commonly reported. 
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1.1 The Research Problem 
Studies, predominantly in the United States (US), have found that street trees offer significant 
returns to investors by delivering benefits valued at up to twelve times the cost of their 
establishment and ongoing maintenance (Donovan and Butry, 2010; McPherson, et al., 2005; 
Nowak and Dwyer, 2007; Peper, et al., 2007). These benefits flow from a range of ES 
including air pollution reduction, stormwater runoff reduction, direct carbon sequestration, 
indirect greenhouse gas emission reduction from the cooling effects of tree shade, and higher 
sales prices of houses in leafy streets. Monetary values derived from the human health and 
well-being benefits gained from living in leafy streets
1
, convalescing in greener hospital 
environs, and walking and cycling along tree shaded pathways, have also been reported 
(Takano, et al., 2002; Tarran, 2009; Taylor, et al., 2015). Investments in streetscape 
improvements in shopping precincts are returning profits to retailers and commercial property 
owners, by attracting more customers and longer shopping visits (Wolf, 2005). Productivity 
improvements and stress relief benefits to office employees from connections with nature, 
including taking short walks amongst street trees, have also been reported (Berman, et al., 
2008).In addition to the costs of planting, maintaining and managing high value UF 
components like streets trees, ecosystem disservices such as emission of biogenic volatile 
organic compounds (BVOCs), net CO2 emissions, reduced solar access, damage to roadside 
infrastructure and human health problems must also been acknowledged (Escobedo, et al., 
2011; Roy, et al., 2012; von Döhren and Haase, 2015; Lyytimäki and Sipilä, 2009).  
There are limitations of placing monetary values on services provided by natural resources 
(Cornell, 2011; Ernstson and Sörlin, 2013; Gómez-Baggethun, et al., 2010). However using 
values to estimate benefit-cost scenarios is as essential for decision making about green 
infrastructure as it is for grey infrastructure (Wolf, 2007). 
Benefit-cost analyses, assisted by software tools such as CityGreen, i-Tree ECO (originally 
UFORE), i-Tree Streets (originally STRATUM), have helped several US cities to gain 
broader community and political support as well as justify investments in UF management. 
These freely available software tools include algorithms developed from empirical studies 
about the relationship between urban trees and environmental services such as air quality, 
rainfall interception, carbon storage and sequestration and other services such as property 
                                                 
1
 Leafiness and leafy streets, in this thesis, refers to streets which differ from others by the presence of street 
trees. 
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value benefits. When applied to inputs about the composition, condition, extent and 
management costs of an urban tree population, the tools deliver outputs about its structure, 
benefits and benefit/cost ratio (i-Tree 2014). Such analyses and valuation have helped cities 
such as Sacramento, Seattle, Los Angeles, Portland and New York City demonstrate the cost 
effectiveness of major urban greening projects. These projects promoted strategic renewal 
and enhancement of urban tree cover as an alternative response to urban climate change, 
integral to planning for liveability and economic sustainability (City of Seattle, 2007; City of 
Los Angeles, 2006; Centre for Neighbourhood Technology 2011; Peper, et al. 2007).  
 
Outside of the US, measuring and valuing the ES of urban trees has attracted some scholarly 
interest in Asia, China, Europe, Africa and South America (Roy, et al., 2012). In 2014, 20 per 
cent of “i-tree” software tool use was in cities outside of the US (i-Tree 2014).  In Australia, 
there have been some studies that have quantified and valued the benefits of urban trees 
(Amati, et al., 2013; Ark, 2014; Brack, 2002a; Brindal and Stringer, 2009; Moore, 2009; 
Plant, 2006). However few of these studies have explored the translation of such measures 
and values to UF planning and investment strategies. A recent adaptation of “i-Tree ECO” 
software for use in Australia is providing easier access to techniques for analysing structure, 
costs and some environmental values of urban tree populations (Arboriculture Australia 
2013). Unlike the US version of “i-Tree Streets”, the current Australian version of “i-Tree 
ECO” cannot be used to calculate the property value benefits of street trees.  
 
Property value benefits, calculated using an algorithm in the US “i-Tree Streets” software, 
have made the highest contribution to the monetary benefits in benefit-cost analyses (BCAs) 
of street trees in most US studies. Property value benefits of street trees should be as 
important in Australian BCAs, as they have been in the US. This was implied by the proof of 
concept of “i-Tree Streets” in Melbourne, Victoria in 2010 (Fairman, et al., 2010).  
However, studies of the effect of street trees on property values have reported significant 
variations between and within cities (Anderson and Cordell, 1988b; Donovan and Butry, 
2010; Drake-McLaughlin and Netusil, 2010; Pandit, et al., 2014; Pandit, et al., 2013; Wachter 
and Bucchianeri, 2006). This suggests that seeking a generic property value algorithm for 
international versions of “i-tree” may be as inappropriate as the one in the US version of “i-
Tree Streets” which is based on the results of one 1988 study of front-yard trees in Athens, 
Georgia (Anderson and Cordell, 1988).  
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This research investigated the property value benefits of street trees in Brisbane, Australia, 
and the translation of these values into a business case for investment. It adds to the limited 
number of BCAs based on this type of economic benefit of urban trees. Alternative ways of 
accounting for property value benefits in accessible software tools like “i-Tree” were also 
explored. 
 Real estate agents often promote the leafiness of a street as a positive locational feature of 
houses on the market in Australian cities. Given the “obsession” of Australians with home-
ownership and property values (Allon, 2008), property value benefits are likely to be of 
interest to the 68 per cent of Australians who own or are paying off their homes (Australian 
Bureau of Statistics, 2015) Associated beneficiaries of higher house sale prices in Australian 
cities include, developers, the real estate industry and state governments who collect stamp 
duties that are proportional to the purchase price. In Australia, revenue from local 
government rates is also, albeit indirectly, based on property value, yet no published research 
is available about the extent of return on local government investment in street trees from 
property values . Evidence about actual and forecast rates of return are likely to build stronger 
business cases for the ongoing investment required to deliver and sustain street tree assets.  
Street trees have an important and changing role as front-line components of the UF in 
rapidly growing cities, like Brisbane. As Australian cities attempt to reduce the 
environmental, social and economic impacts of urban sprawl by fitting more dwellings into 
existing urban footprints, some forms of urban consolidation are already causing irreversible 
loss of tree cover on private land in existing residential areas (Hall, 2010; Daniel, 2012). 
Streetscapes are likely to become important components of the diverse greenspace network 
needed to meet the demands of densifying cities and their changing climates (Byrne, et al., 
2010; Hamin and Gurran, 2009; Ishikawa and Fukushige, 2012). The extent to which tree 
cover in public spaces like parks and streets can help compensate for losses of tree cover on 
private land may depend on strategic investments in urban greening.  Adapting contemporary 
techniques of measuring and valuing UF to build and apply stronger business cases for 
planning and investing in tree cover in public places like streets, addresses recognised gaps in 
the knowledge needed to promote the role of streetscapes in improving liveability of 
densifying residential areas.  
 
Other types of knowledge are also important to support the case for UF planning and 
investment, including information about the attitudes and priorities of the residents (Dobbs, et 
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al., 2013; Ives and Kendal, 2014; Kirkpatrick, et al., 2013) and the agencies governing UF 
(Pincetl, 2010). The choice of a hedonic price model in this study examines the relationship 
between the socio-economic status of home-buyers and tree cover on nearby residential 
property sales. It also allowed for reflection on some of the attitudes that may be influencing 
home-buyers willingness to pay for property features like street tree cover. However, in the 
main, this research focused on addressing gaps in gathering and applying evidence about 
values of the UF itself, rather than about broader community and institutional values. 
 
1.2  Introduction to the Brisbane Case Study 
Brisbane is located 500 km south of the Tropic of Capricorn at latitude 27º 25’ South and 
longitude 153º 9’ East, on the east coast of Australia, and is the capital of the state of 
Queensland. In 2010, 1.97 million people were living within the local government area 
(LGA) of Brisbane (Figure 1-2). Eighty-one per cent of residents live in detached dwellings 
and 67 per cent of those are owner-occupied (ABS 2009). New residents are attracted to the 
subtropical climate and outdoor lifestyle making the Brisbane LGA, the third most populated 
and fastest growing city in Australia (United Nations, 2012). Winters are mild and dry and 
most of the average annual rainfall of 1100 mm falls in the summer months of December to 
February. 
 
Figure 1-3 Location of the Brisbane study area in South East Queensland, Australia. 
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Brisbane’s subtropical climate and development footprint currently support an extensive and 
diverse mix of tree canopy cover, including native forest fringes and remnants, vegetated 
waterway corridors, coastal vegetation as well as many planted trees.  
Like most local authorities in Australia, Brisbane City Council is responsible for planning, 
planting, maintaining and protecting all trees on Council controlled land, including street 
trees. However, unlike other Australian capital cities, Brisbane City Council’s area of 
jurisdiction extends well beyond the city centre to include 1,340 km
2
 of residential, industrial 
and commercial centres, rural land and greenspace. The canopy of trees growing within the 
Brisbane local government area (LGA) covers 51 per cent of the land area and its 
contributions to the environment, its attractiveness and sense of comfort, place and history it 
provides are highly valued by the community and visitors (Brisbane City Council, 2013).  
Brisbane City Council’s current street tree planting program is focused on supporting the 
walkability of residential suburbs, by targeting pathways. Unshaded footpaths can be at least 
7º C hotter in summer compared to tree-shaded pathways. Brisbane City Council’s (BCC) 
Neighbourhood Shadeways projects aim to  increase the amount of tree-shade along footpaths 
from an average of 35% in 2010 to 50% by 2031 (Brisbane City Council, 2013; Favelle and 
Plant, 2009).  
BCC spent $AU 13 million (F/Y 2009-10) on planting, maintaining and managing street 
trees. While investment in additional shade tree planting has increased, funding bids for 
maintaining and expanding the existing street tree population in Brisbane compete with many 
other asset maintenance demands. As is the case for many cities, there is a need to apply 
more rigorous evidence to help UF policymakers and managers justify strategic investment. 
Robust and relevant evidence can also help build community and political support for 
integrating sustainable UF, as a form of multifunctional GI, into planning for liveable cities.   
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1.3 The research questions 
 
Three questions were examined in this study: 
1. Are there opportunities to adapt contemporary evidence-gathering 
techniques to inform strategic planning and investment in street trees? 
2. If measures and valuations of ES of street trees are important for 
justifying/supporting strategic planning and investment, to what extent have 
cities with exemplar UF programs used such evidence? 
3. Given the development of accessible techniques for measuring and valuing 
the ecosystem service benefits and costs of street trees, has this evidence 
translated into better planning and investment for UF?  
 
1.4 Thesis Aim 
 
This research seeks to build a better understanding of how contemporary techniques of 
analysing UF structure and valuing ES can be adapted and applied to inform planning and 
investment in GI, using street trees in an Australian city as a case study.   
 
1.5 Thesis Objectives  
 
To achieve the aim, this study addresses the following three objectives:   
 
Objective 1. Gather accurate information about the extent, structure and 
composition of a large, unevenly distributed street tree population, in the 
case study city. 
 
Objective 2. Derive an ecosystem service benefit-cost analysis (BCA) of 
past and future investments in street tree management, based on the 
residential property value benefits of leafy streets, in the case study city.  
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Objective 3. Review the relative importance of measures and valuations of 
ES to investments in street tree programs in four international cities, 
reported to be UF planning and management exemplars.  
 
Figure 1-3 shows the relationship between the research questions and the objectives, 
including the two types of evidence gathering used in this research and the contribution of 
this research to the literature on measuring and valuing ES.  
 
 
 
 
 
 
 
 
 
Figure 1-4 Conceptual relationship between the research questions, aim, three objectives, 
and six chapters within the context of the case study and the scientific knowledge of 
valuing ecosystem services. 
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1.6  Overview of the Study Methods 
Using a hedonic price model, this study investigated the property value benefits of street trees 
in Brisbane by firstly unpacking the effect of street trees from among 19 other attributes of 
2,299 houses that were sold in Brisbane between 2008 and 2010. After undertaking an 
analysis of the structure, costs and management needs of Brisbane’s street trees, this study 
builds a robust evidence base for investments in Brisbane’s street trees and advancing UF 
evidence gathering and applications. The opportunities for and limitations to translating this 
evidence into strategic planning and investment were also explored by reviewing the role that 
structural analyses and valuation of ES of street trees has played in four cities (list the cities 
here) where significant reinvestment in street trees has been reported (Victoria Business 
Improvement District 2013; Treeconomics 2015; Sacramento Tree Foundation, 2013; 
Melbourne City Council 2013; Million Trees NYC 2013).  
As for recent studies outside of the US (Soares, et al., 2011; Xiao, et al., 2009), quantitative 
evidence gathering in this research is based on the “i-Tree Streets” three-step approach: (1) 
gather information about the extent, structure and costs of the street tree population; (2) 
calculate the value of street trees; (3) use evidence about population structure combined with 
property value benefits and costs to evaluate investments of the past and to propose priorities 
for future planning and investment.  
However, there are two important variations to the “i-Tree Streets” approach used to improve 
the accuracy of sampling across the street tree resource in Brisbane and to better inform the 
business case for planning and investment. First, to address Objective 1, sample sites were 
randomly chosen from strata which represented the actual range of footpath tree cover and 
densities across 500 m x 500 m grid cells overlaid onto Brisbane’s residential suburbs. This 
differs from the approach used in previous studies that stratify the random sampling of the 
street tree population by land-use or governance boundaries.   
Second, to address Objective 2, rather than using the US “i-Tree Streets” algorithm to 
calculate property value benefits, this research built local hedonic price models based on 
actual 2008-10 Brisbane house sales within the same 80 sample sites used in other parts of 
this analysis. These models were used to determine the effect of street trees on property 
values, as one of several explanatory variables tested, and to derive a marginal implicit value 
of leafy streets. Annual property value benefits of leafy streets were extrapolated from the 
11,777 house sales in Brisbane in 2010, and compared to annual street tree planting and 
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maintenance costs in the case study city in the same year. This technique is referred to as a 
type of “revealed willingness to pay” compared to contingent valuation or “stated willingness 
to pay”. An example of the latter is found in the on-line survey of 1,000 Australians in 2014, 
where people stated they would be willing to pay an average of 7 per cent more for a home in 
a “green neighbourhood” (Planet Ark 2014).  
Finally, to address Objective 3, the relative importance of measures and valuations of ES 
were assessed for four cities (London, New York City, Sacramento and Melbourne) based on 
the criteria and indicators for strategic UF planning and management developed by Clark, et 
al. (1997) and refined by Kenney, et al. (2011). Each city had measured, valued and reported 
some ES of their street tree populations. They were each found to have satisfied the key 
objectives within Clark et al (1997) and Kenney’s (2011) “Vegetation Resource” and 
“Resource Management” criteria. Publicly available information was also used to identify 
other factors such as links between the street tree planting initiative and broader city visions 
or strategies. This preliminary assessment was then forwarded to the leader of the street tree 
management program in each of the exemplar cities for verification. Each leader was asked to 
rate the relative importance of measures and valuations as contributors to decision making as 
high, medium or low importance and to list any other factors that contributed to gaining 
funding for the street tree planting initiative.  
 
1.7  Thesis Structure 
This thesis contains six chapters. Chapters 3, 4 and 5 address objectives one, two and three, 
respectively, and have been written as stand-alone chapters intended for publication - as such, 
each consists of an introduction, methodology, results, discussion and conclusions.  
Chapter 1 (Introduction)  
Chapter 2 (The role of valuing ES in sustainable UF management) further defines the 
context of this study within the research on valuing ES and the contribution of this approach 
to sustainable UF management, including the emergence of the ES concept and the drivers 
for quantifying and valuing the benefits of urban trees. The limited studies about the services, 
disservices and values of trees in Australian cities were reviewed before summarising the 
literature and the key knowledge gaps.  
13 
 
Chapter 3 (Building evidence for UF planning and investment - Assessing street tree 
population extent, structure and composition) addresses Objective 1 of the study and 
introduces the relationship between UF structure, function and value. Data from the stratified 
random sample, gathered by Brisbane City Council in 2010-2011, were used to analyse the 
extent, structure, composition and needs of the street tree population to build the foundation 
of evidence to inform future planning and investment.  
Chapter 4 (Building evidence for UF planning and investment – Property value benefits 
and returns on investment) addresses Objective 2 and adds the second stage of evidence 
required to build a business case for future planning and investment in the UF. It presents the 
property value benefits of street trees calculated using house sale data, and other spatial and 
textural data, from the same 80 sample sites used to gather structural evidence in Chapter 3. 
A local hedonic price model revealed home-buyers preferences for tree cover and street tree 
features. Home-buyers willingness to pay premiums for footpath tree cover were used to 
derive annual property value benefits to compare to the costs of planting, maintaining and 
managing the street trees in the case study city, Brisbane. This BCA extended to an estimate 
of the flow on effects of property value benefits to: a) the annual rate of return on investment 
to the local authority in rates revenue; and b) state tax revenue generated from property 
purchase stamp duties.  Specific limitations of the regression analyses used to derive the local 
hedonic model were also outlined.  
Chapter 5 (Making the case for UF planning and investment) addressed Objective 3, 
drawing from the reviewed ES literature and limited studies of ES valuation knowledge 
utilisation, and a preliminary survey of four exemplar cities. Finally, a structure for broader 
assessment of the relative importance of this type of evidence was proposed.  
Chapter 6 (Conclusion and further research) provides the major findings and conclusions 
in relation to the research questions, including the contribution of the research to the field of 
valuing ES and the implications of this study for UF assessment, planning and management, 
before suggesting areas for further research. 
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CHAPTER 2  
THE ROLE OF VALUING ES IN SUSTAINABLE UF MANAGEMENT  
This chapter further defines the context of this study within the research on valuing ES. A 
large body of scientific knowledge about the environmental, social and economic benefits of 
urban trees has emerged from the broader concept that nature provides goods and services 
that sustain and fulfil human life. Studies that quantify and value these ES across many 
countries and cities have drawn attention to the UF as a multifunctional resource, worthy of 
careful planning and strategic investment. Reviewing and improving the ES approach and its 
application to different geographical, environmental and socio political settings offers an 
adaptive toolkit for UF management and a broad range of international solutions (Carreiro, et 
al., 2007).  
2.1  Introduction  
The following sections provide background to this study by examining the emergence of the 
concept of ES and the valuing of these ES in support of an evidence-based approach to 
natural resource management. Sections 2.3and 2.4 outline the methods and applications of 
valuing ES as well as the limitations of ES valuation. As outlined in Section 2.5, valuing 
urban ES has become an important tool in planning for sustainable cities. The specific 
challenges of managing the UF ecosystem and applications of ES valuation to UF 
management (Section 2.7) are reviewed in Sections 2.6 and 2.7 respectively. Section 2.8 
summarizes the significance of the literature, and the key research gaps that define the 
context of this study. 
 
2.2  Emergence of the ES concept 
The ES concept was put forward by scientists to help communities and decision makers 
recognise their dependence on nature and their responsibilities, as nature’s beneficiaries, to 
sustain healthy productive ecosystems (Cork, et al., 2001). Nature provides goods and 
services that sustain and fulfil human life (Daily, 1997). Nature’s ecosystems meet the most 
fundamental needs of humans including subsistence, protection, understanding, leisure, 
creation, identity and freedom (Max-Neef, et al., 1992).   
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In the 1970’s it was suggested that the decline of ecosystems worldwide was largely due to 
ignorance of their values to humans and a lack of clarity about the impacts of humans on 
ecosystems. There was a sense of urgency about the treatment of ecosystems as “earth’s 
open-access resources and waste sinks” (Daily, 1997 pg 1).  Several scholarly reviews of the 
origin and history of the ES concept have been undertaken (Farber, et al., 2006; Fisher, et al., 
2009; Gómez-Baggethun, et al., 2010; Lele, et al., 2013) and summarized (Braat and de 
Groot, 2012; Daily, et al., 2000). They share a common view: that ES emerged as a strategy 
to attract broad societal attention to destruction and over-exploitation of ecosystems and to 
gain “buy-in” from decision makers about the need for caution and investment in 
sustainability at global, national and project scales . However, these reviews also report on 
the limitations of both the concept and extension of the concept to monetary valuation of ES. 
The abundance of ES research and its translation to planning and policy followed key 
milestones.  
Amongst the milestones in mainstreaming the concept to the broader audience were the 
Millennium Ecosystem Assessment (MA) and The Economics of Ecosystems and 
Biodiversity (TEEB) projects which classified ES beyond simply the useful things that 
ecosystems do for people, directly and indirectly. The MA framework classified ES into 
“provisioning services” (such as production of food and water), “supporting services” (like 
nutrient cycling, pollination and carbon sequestration), “regulating services” (control of 
climate, disease, carbon sources and sinks, and purification of air and water) and “cultural 
services” (spiritual/recreational/educational) (Assessment, 2003). Using this framework and 
the work of more than 1300 scientists, the MA reported that globally, 15 of 24 ES 
investigated were in decline (Fisher, et al., 2009). To raise particular interest in biodiversity 
conservation, TEEB replaced “supporting services” with “habitat services”. “Ecosystem 
functions” were added to recognise the inherent interactions that underpin the capacity of an 
ecosystem to provide goods and services (TEEB 2010). The Common International 
Classification of Ecosystem Services (CICES), was also prepared to assist ecosystem 
accounting in Europe (Haines-Young and Potschin, 2011). 
ES classification systems and frameworks have continued to evolve. Their application to 
policy and practice is reviewed further in Section 2.4. Fisher et al (2009) suggested that 
classifications should vary depending on the characteristics of the ecosystems of interest and 
the decision context for which the concept was being used.  Farber et al (2006) suggested that 
one set of concepts or techniques can not address the important issue of ecosystem 
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conservation and that integration of ecological values with economic valuation and social 
value systems is essential for guiding future human activity.  
 
2.3  Valuing ES – a tool for planning and decision-making 
Some see measuring and placing monetary values on ES as an essential escalation of the 
treatment of nature’s wealth as capital assets (Costanza, et al., 1997). Others consider it as 
impossible and immoral (Cornell, 2011). However, as long as ES are considered free or 
undervalued, they are too easily traded-off against, or not factored in to the impacts of human 
activities. Undervaluing nature’s ES also makes them seem less deserving of investment in 
their protection, conservation or maintenance versus investment in constructing and 
maintaining technological substitutes (Cork, et al., 2001).  
There is a need to draw upon both ecological and economic research (Daily, 1997) when 
making decisions about harvesting native forests, converting catchments into housing estates 
or major capital investments such as roads or dams, is dominated by market-based economic 
frameworks.  A range of methods to value the economic contribution of nature beyond those 
ES and goods that bear a price, was first identified by academics in the field of environmental 
economics in the early 1960s (Gómez-Baggethun, et al., 2010). Subsequently through the 
language of ecological economics  a wave of research in the late 1990s and early 2000s 
sought out measures and monetary values to apply to nature’s services to human welfare and 
to the costs of the impacts of human activities on nature. Ecological economics has continued 
to maintain a large share of the exponential growth in ES research (Cornell, 2011; Hubacek 
and Kronenberg, 2013).   
The seminal valuation of the world’s ES and natural capital at an average of $33 trillion US 
per year (equivalent to $AU 57.4 trillion in 2010), by Costanza et al (1997), has been 
criticised for daring to commodify nature’s environmental services (Gómez-Baggethun and 
Barton, 2013) and oversimplifying complex adaptive ecosystems to partial estimates of their 
total value (Cornell, 2011). Costanza himself flagged his work as somewhat crude and at the 
minimal end. Its primary purpose was to communicate with those conditioned to an 
economistic way of thinking, about giving adequate weight to nature’s services in future 
decision making, in line with the objective of the ES concept.  
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Alternative methods and frameworks for applying value to nature’s services have explored a 
range of different types of ES at different scales and locations, including case studies at a 
catchment scale to encourage broader investment in waterway health in Australia (Cork and 
Proctor, 2005). 
  
2.3.1 Methods of valuing ES 
Putting a price tag on nature, other than for marketable goods such as timber or 
pharmaceuticals, arouses suspicion, hence some methods of valuing ES borrow from existing 
grey asset management. For example, valuations may be based on avoided costs of 
technological substitutes (avoided costs) such as valuing the erosion control and nutrient 
uptake services offered by vegetated catchments in terms of avoided costs of man-made 
water filtration infrastructure. Costs of replanting a forest, restoring a waterway or habitat to a 
particular condition or service level (replacement/restoration costs) is a form of valuation 
similar to that used to determine investment levels for grey assets like buildings or bridges 
(Aldous, 2010). A summary of valuation techniques is shown in Table 2-1 (Dharmaratna and 
Gangadharan, 2011). Techniques most often applied to urban or peri-urban ecosystems are 
described below.  
Table 2-1 Summary of ES valuation methods from Dharmaratna and Gangadharan, 2011. 
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 Factor income – the enhanced income from the marketable goods such as tourism 
derived by protecting or improving the condition of a natural resource such as a 
waterway (Wise, et al., 2010). 
 Travel cost – the value of an urban forest (Dwyer, et al., 1983), park, wildland or 
waterway system implied from the costs of travel and spending of visitors or users. 
The travel cost method is more often used to estimate recreational values of larger 
protected or acquired national parks. 
 Hedonic pricing - as used in this study and defined in Chapter 1, are the values of 
various aspects of environmental quality that can be statistically separated from the 
price paid for a marketable good such as house sales or rental pricing. Home buyers or 
renters’ willingness to pay for a particular level of environmental quality is revealed 
when other house, property and neighbourhood features are held constant (Anthon, et 
al., 2005; Baranzini, 2008; Conway, et al., 2010; Donovan and Butry, 2010; 
Escobedo, et al., 2015; Garrod and Willis, 1992b; Glaesener and Caruso, 2015; Kong, 
et al., 2007; Mansfield, et al., 2005; Melichar, et al., 2009; Pandit, et al., 2014; Pandit, 
et al., 2013; Panduro and Veie, 2013; Payton, et al., 2008; Sander, et al., 2010; 
Saphores and Li, 2012; Tyrväinen, 1997). 
 Contingent valuation – is a survey-based or stated preference method using 
responses about willingness to pay for a proposed environmental improvement or 
willingness to accept payment for the loss of a natural element (Tyrväinen and 
Väänänen, 1998; Ark, 2014).  
 Choice experiments – survey-based methods can also reveal relative values or trade-
off pricing, from responses to a choice of environmental or recreational amenities 
(Giergiczny and Kronenberg, 2014).  
 
 Life satisfaction – is a more recent form of stated preference valuation that uses a 
range of self-reported life satisfaction, socio-economic and demographic attributes to 
reveal respondents’ willingness to pay for improvements to complex environmental 
qualities such as biodiversity (Ambrey and Fleming, 2011; Ambrey and Fleming, 
2014).  
 
 
19 
 
2.3.2  Limitations and difficulties of valuing ES 
Each valuation technique has its own limitations and difficulties and the choice of technique 
may vary depending on the scale and purpose of the valuation (Norgaard, 2010). The flow of 
nature’s services is rarely linear, nor are its services mutually exclusive of one another. 
Additionally, their value increases when being derived from scarce or threatened ecosystems. 
The ebbs and flows of economies can also influence peoples’ willingness to pay and change 
business priorities and threats to sources of ES across time and place, making ES valuations 
highly dynamic (Farber, et al., 2002).  
Overarching these technical limitations to ES valuation, there have been philosophical 
critiques that valuations focus on the services and benefits ecosystems provide to humans, 
ignoring the intrinsic values of the ecosystems (Cornell, 2011). Diluting the intrinsic, 
complex and adaptive biodiversity/ecosystem values themselves, or “biotic blindness”, is 
suggested to lead to outcomes where the values of man-made forms of human well-being 
outweigh the cost of impacts on ES (Lele, et al., 2013). That disservices of nature are also 
often ignored is another limitation (Ernstson and Sörlin, 2013).  
There are those who suggest that valuing ES might never be a perfect science but that it is 
still imperative to incorporate valuation into the policy-making process and into ongoing 
research (Daily, 1997). Others favour the use of ES valuation as an extension of the ES 
concept, a communication tool and component, or step, in decision making frameworks, 
rather than as a solution or end in itself (Daily, et al., 2000; Ernstson, 2013; Farber, et al., 
2002; Fisher, et al., 2009). Just as ecological and economic disciplines came together to 
explore valuing ES, it is suggested that the frameworks and valuation scholarship should be 
extended to include social-ecological research and techniques such as Multi-Criteria Analyses 
(MCAs) in order to build the most appropriate combination of evidence, engagement and 
understanding for planning and decision-making (Cornell, 2011; Fanny, et al., 2015; Wegner 
and Pascual, 2011).  
 
2.4 Translating ecosystem service values to policy and management actions  
In less than three decades, developing the ES concept and valuing ES derived from natural 
capital in market/monetary terms, has transcended the academic arena to reach government 
policy as well as the non-profit, private and financial sectors (Gómez-Baggethun, et al., 
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2010).  The science and knowledge drawn from the large body of ES research itself has 
contributed to this progress, however other factors, some not specific  to this field, have 
driven the level of uptake of ES valuation into policy and action. 
Outreach has been facilitated by global institutions, including the United Nations and the 
WWF, who sponsored the milestone classifications and frameworks, MA and TEEB, as 
models for applying ES valuations to planning and decision making. The International 
Council for Local Government Initiatives (ICLEI) supported the development of a TEEB 
Manual for Cities to ensure ES were integrated into municipal scale planning (Ernstson and 
Sörlin, 2013). 
The MA and TEEB frameworks also offered a platform for triple bottom line evaluation of 
policy options (Costanza and Folke, 1997), including the use of cost-benefit analyses 
(CBAs). Policy makers sought economic assessments of how impacts on biodiversity and 
other ES from land-use change might translate to losses in human welfare (Braat and de 
Groot, 2012; Lele, et al., 2013). Milestone BCAs, including the Stern Report, forecast costs 
of climate change to the global economy and the benefits of modest investments in reducing 
greenhouse gas emissions (GGE) (Stern and Treasury, 2006). This report, in turn, inspired 
further development of the TEEB initiative, its assessment tools and partnerships for “making 
nature’s values visible” (TEEB, 2010). 
Despite the acknowledged absence of the intrinsic values of nature and the influence of 
scarcity and thresholds of resilience (Wegner and Pascual, 2011), measurable values of gains 
and losses in ES have been brought to the policy, budget and project decision making table of 
government at all levels. Applications have often aligned with particular local and regional 
environmental, policy or management challenges. ES valuation was applied to a BCA of a 
green infrastructure project, the “green cycle belt” in Bruges, at both the local scale and the 
regional level by comparing direct costs with benefits of the infrastructure itself and with 
values to the regional economy (Vandermeulen, et al., 2011). Other case studies have 
deliberately reported the contributions of green infrastructure to local economic growth to 
encourage further investments – tailoring the evidence of before and after studies to policy 
makers, investors and beneficiaries (Flint, et al., 2013). Using ES valuation  to test resource 
allocation options, however, requires careful consideration of the context and goals alongside 
stakeholder preferences and aspirations (Costanza and Folke, 1997). 
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Institutions, government agencies and private sector have partnered to develop tools for 
valuing ES to assist translating the science to ecosystem conservation actions. The Natural 
Capital Project, a partnership between Stanford University, the Nature Conservancy, the 
World Wildlife Fund and others, focused on upscaling successful local examples to provide 
tools for integrating ecosystem service values into payment schemes to fund ecosystem 
protection and management (Daily, et al., 2000). The EU Biodiversity Strategy 2011-2020 
called upon all EU member countries to map, assess and value ES with a view to green 
accounting by 2014.  Frameworks and solutions of the “Operationalization of Natural Capital 
and Ecosystem Services” (OpenNESS 2013) provided guidance for such green accounting. 
Other valuation tools, such as the System of Environmental-Economic Accounting (SEEA), 
have been developed by a global partnership, Wealth Accounting and Valuation of 
Ecosystem Services (WAVE), sponsored by the World Bank. SEEA is currently being used 
by the Australian Bureau of Statistics to test the economic viability of thresholds and actions 
to protect the Great Barrier Reef ecosystem – an estimated $AU5 billion dollar annual 
tourism and employment asset to Australia (WAVE, 2015).  
Australian ES applications have focused on regional biodiversity and waterway health values 
(Pittock, et al., 2012) and only occasionally included urban areas (Maynard, et al., 2011).  
The complexity of disturbed, multi-functional natural systems in urban areas has attracted 
uneasiness from scholars about decision-making based solely on valuations and BCAs 
(Hubacek and Kronenberg, 2013) and Wegner and Pascual (2011) support incorporation of 
socio-cultural values and perceptions, integrated assessments and a more pluralist approach to 
valuing urban ES. UES research is reviewed in more detail in Section 2.5. 
Gomez-Baggethun et al., (2010) summarised the articulation of monetary values of ES into 
the development of market based instruments used to provide economic incentives for 
conservation, such as payments for ES (PES). Beyond the international Gross Domestic 
Product (GDP) levy suggested by Stern (2006) to avoid the estimated costs of uncontrolled 
GGE and attempts at emission trading schemes, payments based on BCAs have helped 
protect and restore some regional ES. Up to 2013, New York City had spent $US541 million 
(equivalent to $AU 533 million in 2010) to acquire and restore over 130,000 acres of the 
Catskill watershed lands that provide water filtration ES, outside its jurisdictional boundary, 
to help meet safe drinking water standards and avoid the costs of building a $US10 billion 
(equivalent to $AU 9.8 billion in 2010) water filtration plant (Ecosystem Marketplace 2013). 
Many ES value applications have been driven by similar environmental legislative 
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requirements for clean air, coastal protection, habitat protection, threatened species 
conservation, and environmental impact assessment (Baker, et al., 2012). One of the largest 
current PES in the world is the Grain to Green Project in China, targeting 120 million farmers 
across 32 million hectares in 25 provinces to reduce soil erosion and dust pollution from 
cropping on steep slopes. $US70 billion (equivalent to $AU 85.5 billion in 2010) in payments 
over the first 11 years of the program delivered estimated ES benefits worth more than ten 
times the value of crop incomes (Liu, et al., 2008). 
Beyond direct comparisons between the costs of single-purpose technological solutions and 
the cost of natural system restoration or installation,  the co-benefits  offered by natural 
systems, such as social capital, recreation, health, and property values can enhance the 
business case and improve the likelihood of implementation. For example, the Portland Grey 
to Green initiative offers rebates of up to 35 per cent on residential stormwater management 
fees to those who install surface or sub-surface green infrastructure on their property 
(Portland Bureau of Environmental Services, 2012). The direct ecosystem service values of 
these small reductions in stormwater pollution may not cover the costs of the incentive 
payment, however the added benefits of resident awareness and education and the city’s 
support for cooler, more attractive neighbourhoods helps justify investment in such schemes.  
Offset payments, for unavoidable removal of valued vegetation, or as penalties for 
indiscriminate removal of protected vegetation, have evolved as another application of ES 
valuation – a form of economic incentive to conserve ES. Predominantly based on the costs 
of vegetation restoration plus the land value, the loose assumption is that the ES such as 
biodiversity, provided by the vegetation can be relocated. However, such offset payments 
have been applied as an alternative revenue source, such as a “green bank”, to support 
management of threatened native vegetation communities (Bass Coast 2015). 
There are also opportunities to set and evaluate resource management goals and targets in 
economic terms (Cork, et al., 2001). The value of ES benefits associated with achieving a 
measurable target, such as the tourism value of a level of parkland estate protection can be 
powerful way to contest park management budget cuts, when the annual benefits exceed costs 
by ten to one (TEEB 2010). As more ecosystems and their ES are assessed and monitored, 
modelled and mapped, sometimes even in three dimensions (Grêt-Regamey, et al., 2013), 
more opportunities become available to test scenarios and forecasts using ES valuation. This 
study contributes to the limited research on ES BCAs as a tool for UF target setting and 
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evaluation. While this study focuses on one type of ES from urban trees, namely property 
value benefits, it includes a measure of the estimated annual rates of return on investment 
from both the current level and the target level of footpath tree cover in residential areas to 
help justify ongoing investment in tree shaded pathways.  
Some suggest the greatest contribution to nature conservation policy and action to date has 
not come directly from ES valuation itself, where tensions between sectors over intrinsic 
versus use values has stifled translation and data availability has limited robust calculations, 
but from the use of the ES concept and valuations as an enabling tool for broad stakeholder 
engagement, communication and participation in natural resource management (Primmer and 
Furman, 2012). Simplifying complex ecological processes into services has promoted 
dialogue across a broad range of land management stakeholders (Braat and de Groot, 2012; 
Cork and Proctor, 2005; Maynard, et al., 2011). Likewise, the ES framework can serve to 
translate plans and visions for “climate proofing”, sustainable development and biodiversity 
conservation into meaningful policy and action. From such shared understanding of the issues 
and services come increments of integrated policy design, diagnosis, review and action 
(Frantzeskaki and Tilie, 2014). ES valuations, BCAs and scenario testing then helps identify 
feasible and innovative opportunities, and pilot projects help refine policies and monitor their 
value for money and effectiveness (Scarlett and Boyd, 2011).  
Just as the ES concept itself was conceived as a communication tool about “nature’s values” 
for a broad audience (Braat and de Groot, 2012; Cornell, 2011), ES valuation has also 
encouraged communication and collaborative research across ecological and economic 
disciplines. Collaboration has extended to social, ecological and economic research 
disciplines in exploring equitable provision of ES for sustaining cities as liveable and resilient 
human habitats. For example, the Urban Biodiversity and Ecosystem Services project 
(URBES project) is a collaborative partnership of academic institutions and international 
organisations focusing on translating science into action for local governments.  
In addressing Objective 3 of this study, section 5.1 highlights gaps in the literature about ES 
value utilisation within decision making for UF and green infrastructure planning and 
investment and offers insights about the relative importance of such quantitative evidence to 
this field.  
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2.5  Valuing urban ES  
Exponential growth in urban ES research parallels overall ES research growth (Ernstson and 
Sörlin, 2013; Gómez-Baggethun and Barton, 2013; Haase, et al., 2014; Luederitz, et al., 
2015). No less than 67 per cent of a total of 463 ES publications, between 1995 and 2012, 
were urban ecosystem modelling studies, tools and economic valuations, including BCAs 
(Hubacek and Kronenberg, 2013).  
Unlike natural ecosystems, urban ecosystems are a hybrid of natural and man-made elements 
including urban parklands, wetlands, waterways, street trees, forest fringes, other vegetation 
and biota, across a broad range of land tenures.  Urban ecosystem service flows are affected 
not only by interactions within the natural environment, but also by the people who live in 
urban areas – their culture, personal behaviour, politics, economics and social organisation. 
“Multidisciplinary in nature, urban ecosystem management requires a composite of social, 
environmental, economic and decision making tools and institutions that are flexible and can 
adapt quickly to changes in one or more systems” (Global Development Research Centre 
2015). It is this complexity of entangled biophysical, social, economic and political processes 
that has led to several themes of urban ecosystem research and has continued to raise the 
question of the relative importance of the “value of nature” versus the “nature of value” in 
delivering liveable and sustainable cities (Ernstson, 2013; Ives and Kendal, 2014).. 
The rich literature reveals the many important ES that fulfil the needs of urbanites, including: 
regulating services such as air and water purification, flood control, noise control, urban heat 
island (UHI) cooling; supporting services such as carbon storage and sequestration; 
provisioning services such as habitat, some food production; cultural services such as 
recreation, education and human physical and mental health (Bolund and Hunhammar, 1999; 
Escobedo, et al., 2011; Gómez-Baggethun and Barton, 2013; Daily, et al., 2000; Escobedo, et 
al., 2010). There is no doubt that measures and valuations of urban ES has helped elements 
such as UF claim the status of an essential network of green, multi-purpose urban 
infrastructure (Silvera Seamans, 2013; Tzoulas, et al., 2007). Yet very few urban ES have 
become prominent in urban policies and plans and municipal investment in grey 
infrastructure is still preferred over investment in green infrastructure (Salzman, et al., 2014). 
This section examines the drivers, themes and limited applications of valuing urban ES. 
Interdisciplinary research responded to the need for new solutions to rapid global 
urbanization and growing cities that were built upon well intentioned, nineteeth century, 
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“sanitary city” models. The aging “sanitary city”, based on homogeneous, technological 
networks of roads, sanitation systems, water and electricity supply began generating local 
environmental degradation, traffic congestion, and unsustainable energy demands, whilst also 
facing a changing climate and the burdens of aging, single purpose infrastructure. It is 
suggested that new, fit for purpose, “sustainable city” models, beyond the limits of 
engineered, technological infrastructure, sought integrated economic, environmental and 
social outcomes by rediscovering local natural processes in conjunction with transit oriented 
and compact development (Pincetl, et al., 2013). Conceptualising cities as adaptive, multi-
functional, social-ecological ecosystems delivering habitats for humans fits well with the ES 
approach.  
Urban ES research has helped explore the capacity of living, green infrastructure as a 
component of “sustainable city” solutions. Economic valuations of urban ES provide the 
necessary measures to raise awareness of the multiple values of such alternative 
infrastructure, frame choices and tradeoffs for public policy makers (Wolf, 2008). However, 
the limitations and difficulties of valuing ES, described in section 2.3.2, are further 
compounded in such socially complex, biophysically dynamic and predominantly man-made 
urban ecosystems.  As a consequence, urban ecosystem research extends across governance 
insights, and explorations of  connections and conflicts between urbanites and the different 
forms of nature in cities, alongside extensive measures, models and valuations of a broad 
range of ES (Hubacek and Kronenberg, 2013).  
Driven by predominant urban environmental issues and facilitated by technological advances 
in remote sensing and GIS-based data analysis, many studies have measured and mapped the 
relationships between ES provision, urban morphology and the structure and configuration of 
green and blue infrastructure (Cowling, et al., 2008; Haase, et al., 2014; Mao, et al., 2015; 
Primmer and Furman, 2012; Egoh, et al., 2008; McPhearson, et al., 2013). ES generation and 
flows in urban areas have also been found to be both temporally and spatially dynamic 
(Dobbs, et al., 2014). GIS-based studies have measured changes over time and revealed both 
the consequences of degrading urban ecosystems and the potential for optimising ES based 
solutions for particular ecosystems and contexts (McPhearson, et al., 2013; Steenberg, et al., 
2013).  These empirical studies have, in turn, translated to several urban ES tools and models 
(Bagstad, et al., 2013) , including an Australian model for urban stormwater infrastructure 
(eWATER 2015), to help developers integrate a range of built and natural systems to meet 
targets for quality and quantity of urban stormwater runoff .  Planners and designers continue 
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to seek standardized indicators and metrics for urban ES to align to the performance based 
approach to statutory planning, particularly for patterns of sustainable urban land-use and 
low-impact urban design (Ahern, et al., 2014). Setting specific indicators remains a challenge 
given that reviewers of ES research highlight the broad and pluralistic range of scientific and 
community values which influence urban ES (de Groot, et al., 2010). Choosing and 
articulating the specific values and indicators must be relevant to the “characteristics of the 
urban ecosystem services that are being valued and the institutional and socio-cultural 
contexts in which decisions take place” (Haase, et al., 2014) pg 421.  
Benefits from nature’s biophysical processes become especially entangled in social and 
political process and value systems in urban areas (Ernstson, 2013). Scholarship is now 
emerging, within a growing field of urban political ecology, of the consequences and factors, 
beyond biophysical and built form, affecting the spatial distribution of urban ES. Some 
studies have shown that more educated, less culturally diverse and affluent neighbourhoods 
with high levels of home ownership have more greenspaces and urban tree cover and are 
more likely to participate in urban greening (Conway and Bourne, 2013; Dobbs, et al., 2014; 
Donovan, et al., 2013; Heynen, et al., 2006; Pham, et al., 2013). These strong relationships 
between inequalities in distribution of urban ES and social inequalities highlight a form of 
“environmental injustice”.  
Environmental justice is the ethical principle that environmental benefits and burdens should 
be equitably distributed.  There is a need for ongoing research about what kinds of spatial 
patterns, quantities and qualities of UE elements are required to be “just green enough” to suit 
each city’s socio-demographic profile, community needs and priorities (Carreiro, et al., 2007; 
Wolch, et al., 2014).  Insights are emerging about alternative strategies for the equitable 
provision of valuable urban ES services, such as biodiversity, recreation and social cohesion, 
from urban greenspace and UF cover (Mincey, et al., 2013; Shanahan, et al., 2014; Wang, et 
al., 2015). Well intentioned urban ecosystem restoration on public lands may exacerbate 
social inequities by increasing property values that can drive out the community sectors who 
could most benefit from the health and well-being values of access to greenspace and cooling 
UHI (Wolch, et al., 2014). Avoiding inequitable distribution of urban ES is particularly 
challenging for municipal authorities in their dual role of primary regulator and investor in 
managing sources of urban ES like greenspace on public land and influencer and secondary 
regulator of other sources such as urban tree cover on private land. 
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Some researchers are exploring the question of the role of measures and values of urban ES 
in “sustainable city” solutions, especially when there are examples where place-based social 
and cultural negotiations and contests alone have successfully preserved urban ecosystem 
elements (Akbulut, 2015). Others suggest an important role for measuring, valuing and 
sharing results about ES in fostering greater community awareness of the multiple services of 
urban ecosystems (Heynen, et al., 2006) and as a tool for empowering local communities 
(Ernstson and Sörlin, 2013; Kollin and Schwab, 2009; McPherson, 1992). Measures and 
values of urban ES have been used as important base-line information in local and regional 
planning activities within the community.  Some communities have taken the next step. 
Community-based restoration projects have not only enhanced types of regulating ES like 
cooling urban hot spots or repairing oyster habitats, but also supported ecosystem resilience 
and generated valuable cultural ES in the form of social cohesion and environmental 
stewardship (Krasny, et al., 2014; Svendsen, 2009).  
As already discussed, measuring, mapping and valuing the services supplied by urban 
ecosystems has made a significant contribution to ES research. Understanding, measuring 
and valuing the level of “consumer” demand for both regulatory and cultural ES is also 
important in urban areas.  These demands or needs are most often valued using revealed or 
stated willingness to pay methods, and more recently through life-satisfaction studies 
(Ambrey and Fleming, 2011). Such studies provide both monetary valuations of particular 
urban ES as well as insights into preferences and the influence of socio-economic factors, 
which are incorporated into such analyses. Many studies have already found that individuals 
attach a positive and economically significant value to sources of  urban ES such as 
proximity to greenspace (Luttik, 2000; Tyrvainen, 2001), biodiversity (Ambrey and Fleming, 
2014), air pollution reduction (Brack, 2002b; McPherson, et al., 1997), shaded and walkable 
neighbourhoods (Bowler, et al., 2010; Donovan and Butry, 2009; Takano, et al., 2002).  
Each technique has particular advantages and limitations (Garrod and Willis, 1992a; Haab 
and McConnell, 2002). For example, stated willingness to pay (WTP) methods can assess a 
more representative cross section of the community, but revealed WTP for a marginal change 
in environmental qualities or disservices can avoid the bias of individuals providing an 
expected response rather than their personal rating in survey statements about a topical ES 
such as water conservation.  Choice experiments, outlined in Section 2.3.1, provide details 
about respondents’ WTP as a preferences derived from the trade-offs made between different 
levels and locations of ES (Giergiczny and Kronenberg, 2014).  The limitations of such 
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stand- alone tools in providing monetary values for non-market urban ES that are specific  to 
a particular place and time is understood. However, further research is needed to explore 
adaptations that may allow these techniques to be incorporated into broader urban ES 
assessments and models that still respect place and time. 
Integrated assessments, which account for value pluralism, alongside a shift to integrated 
governance, is suggested as a requirement for adaptive policy that best suits the sustainable 
management of urban ES (Frantzeskaki and Tilie, 2014) and planning for sustainable cities 
(Liu and Opdam, 2014). Perhaps choosing and articulating the specific urban ES values most 
relevant, or trying to account for value pluralism, has influenced the limited application of an 
ES approach to sustainable city agendas.  It is suggested that Australian city attempts have 
fallen short by claiming a green or ES approach (Pittock, et al., 2012) in terminology only. 
Some Australian cities have committed to applying and integrating green/blue infrastructure 
solutions to waterway health and stormwater management issues based on measurable ES 
benefits. The CRC for Water Sensitive Cities has recognised the importance of preparing and 
promoting robust business cases to support water sensitive initiatives in cities (CRC for 
Water Sensitive Cities 2015). Further studies of measures and values of ES, beyond 
biodiversity, in Australian cities is also supported by environmental and urban planning 
scholars who recognise that incorporating ES into urban decision-making processes is 
important for better management of sources of ES such as UF (Ely and Pitman, 2014; Roy, et 
al., 2012; Wang, et al., 2014) and more innovative and greener forms of urban consolidation 
(Byrne, et al., 2010).  
China is showing global leadership in the level of investment in eco-cities programs. These 
programs include major urban retrofits that integrate ecosystem resilience with social 
resilience, public health and land-use planning. The eco-cities movement is based on the 
principles and roadmap for promoting human sustainability developed at Earth Summit 1992, 
known as “Agenda 21”. China’s urban population exceeded its rural population for the first 
time in 2012, with 700 million people living in towns and cities (China Today, 2015). To 
address serious environmental degradation that has accompanied rapid urbanization in 
Shanghai, the local government adopted an ambitious plan to build an open-space network of 
6340 square kilometres of connected parks and greenway corridors (Heidt and Neef, 2008). 
This multi-purpose web of urban greenspace was intended to support recreation, biodiversity, 
microclimate amelioration, air quality improvement, carbon sequestration and stormwater 
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management – ES that continue to be measured and valued in cities across China (Chen and 
Jim, 2008).  
It is clear that research to date has supported the development of a rich array of 
methodological approaches to assessing ES, as well as maps, measures, models and 
valuations of a range of urban ES. Fit for purpose forms of integrated urban ES assessment 
(Berland and Hopton, 2014b; De Ridder, et al., 2004; Kopperoinen, et al., 2014; Maynard, et 
al., 2011), articulation (Ahern, et al., 2014; Hilde and Paterson, 2014; Wise, et al., 2010) and 
governance (de Groot, et al., 2010; Giergiczny and Kronenberg, 2014; Wilker and Rusche, 
2014; Young and McPherson, 2013) are suggested as critical to sustaining both the sources of 
ES and their contribution to sustainable cities that support the health and well-being of its 
people. Balancing and integrating science-based knowledge and experience-based local 
intelligence addresses the plurality of urban ES (Liu and Opdam, 2014). Valuations provide 
realisation of the worth of urban ES, engaging both community and decision-makers. Within 
the complex urban ecosystem constructs, further research is needed about the dynamics of 
ES, especially the effects of land use decisions on synergies, economic trade-offs and spatial 
heterogeneity of ES, over time (Haase, et al., 2014). Learnings from the mega eco-city 
investment programs of China, for example, are also important. Of particular relevance to this 
study, is the suggestion that to support well-informed decision-making and investment, ES 
assessments need to continue to review available techniques that respond to the specific 
issues and socio-political contexts of each city.  
Some of the earliest measures and values of urban ES examined the UF subset of urban 
ecosystems and were applied to BCAs to demonstrate cost-effectiveness of strategic 
expansion and maintenance of UFs (McPherson, 1992; McPherson, et al., 1994; Rowntree 
and Nowak, 1991). Many US cities had suffered serious losses of iconic American Elm trees 
to disease in the 1960s and 70s and municipal forestry budget cuts through the 1980s and 90s. 
In Milwaukee alone, Dutch Elm disease caused the demise of 50,000 trees (MacDonald, 
1996). Early studies focused on measuring and valuing the environmental benefits of 
remaining urban tree cover to showcase trees as good value for money assets worthy of 
strategic investment and renewal. The challenges of sustainable UF management that inform 
the specific focus of this study are outlined in the following section (Section 2.6). These are 
not specific  to US cities and extensive research has identified, measured and valued the ES 
and disservices of UFs and the relationship between UF structure, function and ES values.  
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2.6  Sustainable UF management 
The challenges of growing healthy and long lived trees in often hostile and constrained 
roadside spaces, and managing public safety, infrastructure and property damage risks, were 
rated highest by Australian street tree practitioners (Ely, 2010).  As for many cities around 
the world, Brisbane’s annual investment in street and park trees must also compete for 
limited local government funds with numerous other essential public assets, services, major 
projects and community priorities.  
Unlike natural forests, sustaining net benefits of UFs over time requires the right kind of 
human intervention and management across three components shown in Figure 2-1 – that is, 
the composition and structure of the resource itself, a strong community framework and 
appropriate management of the resource (Clark, et al., 1997).  Appropriate planning begins 
with UF managers asking typical asset management questions about the extent and condition 
of the resource, its functions, what goals or standards of service are appropriate and how to 
reach those goals (Miller, et al., 2015). Traditional asset management approaches have some 
applications to urban tree management (Aldous, 2010), however, they can fall short in 
engaging with community and program partners to identify and prioritise the benefits and 
risks of urban trees. An appropriate evidence base must be relevant to both decision makers, 
the community and broader stakeholders/potential investors and draw upon contemporary 
conservation and UF management standards (Jansson and Lindgren, 2012; Sutherland, et al., 
2004). A combination of “data-driven planning” and diverse funding sources, integrated 
within organisational priorities has also helped cities reorient tree planting towards broader 
green infrastructure goals (Young, 2011b). 
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Figure 2-2 A summary of the Model of Urban Forest Sustainability adapted from Clark et al. 
(1997). 
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2.7  Valuing the ES of urban greenspace and urban trees. 
Valuing economic services and benefits of urban greenspace and urban trees have most often 
used avoided cost analysis, and “willingness to pay” techniques such as contingent and 
hedonic pricing.As briefly described in section 2.3.1, unlike contingent valuation which 
analyses people’s preferences and opinions about their willingness to pay to derive a value, 
the hedonic pricing method uses the actual price of residential properties to determine the 
marginal implicit price or value of components of the purchased property. Hedonic price 
methods have been used to provide a surrogate measure of a mixture of the aesthetic, social 
and cultural values of natural urban elements (Wolf, 2007). Using regression analyses, the 
purchase price of the property is unpacked into the characteristics which influenced that 
purchase price, including environmental characteristics like presence or absence of trees 
(Baranzini, 2008). Derived values of street trees and greenspace from property sale prices can 
also been translated to municipal property tax revenues (Conway and Bourne, 2013; Donovan 
and Butry, 2010).  
Studies in cities in Finland, Canada, China and the United States have shown that people pay 
more for homes that are closer to greenspace or with views to greenspace (Luttik, 2000; 
Tyrvainen, 2001; Tyrväinen, 1997; Willis and Garrod, 1992; Yin, et al., 2009). New 
Zealanders in 15 cities, were willing to pay $140 per household per year (equivalent to $AU 
130.4 in 2010) for up to 3 years to avoid a 20 per cent reduction in their urban tree cover 
(Vesely, 2007). Increases in residential property sales prices of between 2 per cent and 15 per 
cent have been reported due to the presence of trees on the property (Dimke, 2008; 
Dombrow, et al., 2000; Mansfield, et al., 2005; Morales, 1980). Wolf (2007) reported several 
studies that showed trees and forest cover in development growth areas add value to home 
site parcels, covering the costs of protecting those trees during site preparations. Trees on 
neighbouring properties up to 250m away have also been found to have a positive effect on 
house sales price up to a threshold of tree cover (Sander, et al., 2010) and proximity 
(Conway, et al., 2010). While additional neighbourhood trees would slightly increase the 
value of over 97 per cent of properties in Los Angeles, additional trees on the property were 
forecast to decrease the value of almost 40 per cent of properties examined in Los Angeles 
(Saphores and Li, 2012). Too many trees, or larger trees on properties have been found to 
have negative effects (Orland, et al., 1992; Thériault, et al., 2002). Lots of trees, especially 
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larger trees on properties are costly to maintain and pose a greater risk of damaging property 
with their roots and branches failing in storms. Variations in results between sample sizes, 
countries, and locations within countries, types, size, condition and ownership of trees have 
been high, even within studies that have focused specifically on the effect of street trees on 
property sales price.  
In Athens, Georgia, in 1988, the presence of an average of five “intermediate to large” trees 
in front yards, was found to be associated with 3.5-4.5 per cent increase in home sales price 
(Anderson and Cordell, 1988a). These results were further averaged and added to STRATUM 
and “i-Tree Streets” modelling software to suggest that a medium sized individual street tree 
adds 0.88 per cent to median house sales price. This algorithm has been applied to BCAs in 
many different cities (i-Tree 2014). Although Pandit et al. (2013) reported that houses with a 
broad-leaved street tree on the verge in Perth sold for 4.27 per cent more than the median sale 
price, given the variations in results of more recent studies, as outlined below, it would be 
inappropriate to apply the existing i-Tree Streets property value benefit algorithm, or the 
Perth study result to other Australian street tree assessments.  
Some studies have found as much, if not greater, property value benefits from the leafiness of 
nearby footpaths and streets than trees on the footpath frontage of the property.  Donovan & 
Butry (2010) found that houses sold for 3 per cent higher than median sales price when there 
were street trees on the frontage and nearby. This effect was from not just the average 0.558 
trees out front of the property, but from up to 84 square metres of street tree canopy within 
30m of the sold property. A separate study in Portland found house prices up to 7 per cent 
higher in areas with combinations of good street tree cover and good walkability (Drake-
McLaughlin and Netusil, 2010).    
House price increases of between 7 and 11 per cent were observed in streets of Philadelphia 
up to two blocks (1000 ft) away from street tree plantings requested by residents. Wachter 
and Gillen (2006) suggested that up to 5-9 per cent of that increase was due to residents 
“signaling” street trees as desirable qualities of their neighbourhood.   
This study applies similar methods as those used by authors such as Donovan and Butry 
(2010), and Pandit et al. (2013, 2014) to investigate the effect of tree cover on and nearby 
house sales in Brisbane, especially street trees, on the frontage and on footpaths up to 100m 
away. Engagement strategies for urban greening programs can be better targeted knowing if 
home buyers preference is for tree cover on properties or for tree cover in the street and 
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whether leafiness of the street nearby is more or less preferred than street trees on their own 
property frontage. 
 
2.7.1  Software tools for quantifying and valuing urban trees 
Software tools such as CityGreen, UFORE, STRATUM and “i-Tree” (STREETS, ECO, etc), 
have been developed from ongoing research by the United States Department of Agriculture 
(USDA) Forest Service with industry and non-profit organisation partners. These free tools 
allow U.S urban tree managers and others to input basic data about existing and forecast 
urban tree cover and receive results about estimated, benefit measures and values to compare 
to costs. Predicting the measured effects of land use and management changes on the extent 
and quality of a natural resource and on the services and benefits of the resource, is a 
powerful application of ecosystem service modelling. Use of these tools is now extensive 
within the U.S and they are already being used for international estimates of the functional 
values of urban forests (Escobedo, et al., 2010) and street trees (Longcore, 2004; Soares, et 
al., 2011).  
Results of the first UFORE analysis of Chicago’s UF provided proof that the air quality 
improvement, energy conservation and carbon sequestration benefits of urban trees, including 
street trees, were worth more than twice the cost of their planting and maintenance 
(McPherson, et al., 1997). Using results of a structural analysis of New York City’s (NYC) 
592,000 street trees, their functional benefits were estimated using STRATUM. NYC street 
trees were estimated to be delivering $27.8m (equivalent to $AU 34.6 m in 2010) annually in 
climate moderation benefits, $28.6m (equivalent to $AU 35.6 m in 2010) in carbon dioxide 
emission reduction values, $5.27m (equivalent to $AU 6.6 m in 2010) worth of air pollutant 
reductions, $35.6m (equivalent to $AU 44.3 m in 2010) worth of stormwater runoff 
reduction, and $52.5m (equivalent to $AU 65.3 m in 2010) worth of property value increases 
and other less tangible improvements. NYC street trees were estimated to be returning $5.60 
worth of benefits for every $1 spent on tree planting and maintenance (Peper, et al., 2007).  
It is important to note that almost 50 per cent of the total benefit values from this STRATUM 
analysis were derived from applying Anderson and Cordell’s twenty-two year old hedonic 
pricing study results of the effect of front yard trees on property sales price in Athens, 
Georgia. While environmental values of street trees in terms of air quality, stormwater runoff 
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reduction, energy conservation, carbon sequestration, are very topical, between 40-70 per 
cent of the measured and valued benefits in STRATUM and i-Tree Streets analyses come 
from the positive effect of street trees on property value (McPherson, et al., 2005). If it 
weren’t for the property value improvement contribution, annual street tree management 
costs would often outweigh the environmental values. 
Some cities in countries outside the U.S have applied the “STRATUM” or “i-Tree Streets” 
software by choosing a relevant U.S reference city of similar climate and species types, 
including the study by Soares (2011) in Portugal. A trial which applied STRATUM in 
Melbourne (Fairman, et al., 2010) found that aesthetic benefits of street trees, based on the 
Anderson and Cordell derived algorithm in STRATUM, were much larger than any of the 
environmental benefits such as air quality improvement, carbon sequestration and energy 
conservation. However, such software tools have not yet adequately addressed the 
independently reported variations in the effect of street trees on property values between 
cities. This study therefore, complements the development and application of modelling tools, 
such as “i-Tree”, internationally, by exploring the option for incorporating contemporary and 
“home-grown” property value effects into BCA for street trees in other cities. 
In addition to the development of urban tree valuation tools, researchers from a range of 
different disciplines have continued to investigate and report on specific ES provided by UFs 
(Chen and Jim, 2008), and opportunities that greener cities may provide for cost effective 
solutions to environmental, health and urban quality of life issues (Tarran, 2009). For 
example, modelling of the New York City metropolitan area revealed that increasing tree 
cover by 10 per cent within urban areas could reduce maximum ozone levels by about 4 ppb, 
which is about 37 per cent of the amount needed for attainment of the National Ambient Air 
Quality Standard (Nowak and Dwyer, 2007). In Sacramento County the cooling effects of 
existing shade tree cover provided annual electricity and associated emission reduction 
savings of $18.5m (equivalent to $AU 37.7 m in 2010) or 12 per cent of total annual air 
conditioning consumption (Simpson 1998). Planting 1 million additional shade trees in the 
Los Angeles area was forecast to save between US$75 and $110 million (equivalent to $AU 
83.2 and $AU 124.3 million in 2010) per annum in reduced air conditioning electricity 
consumption (McPherson, 2007).  
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2.7.2  Applying benefit cost analyses (BCAs) to street tree management 
Urban tree valuations, and especially benefit cost analyses of trees on public lands, including 
street trees, over the last two decades, has helped to:  
 provide a sound evidence based approach to justify strategic investment in 
enhancing and managing street trees as multi- purpose assets (Nowak and Dwyer, 
2007); 
 identify ways to optimize the multiple benefits of street trees, set and or test 
targets/goals for urban tree canopy cover, forecast values and ”opportunity costs” 
(Maco and McPherson, 2003; McPherson, et al., 2011) and minimise 
costs/liabilities;  
 forecast costs of the loss of urban tree cover, smaller growing tree species, lower 
levels of maintenance (McPherson and Rowntree, 1989); and 
 increase community and political awareness of street trees as a component of 
urban greenspace that is worthy of ongoing support and investment (McPherson 
and Rowntree, 1989). 
 
McPherson’s earliest BCA projected the benefits and costs of planting 500,000 trees in yards, 
parks and streets in Tucson, Arizona in 1992 (McPherson, 1992). Benefits from shading, 
cooling, dust and rainfall interception alone, were forecast to exceed costs within five years 
and averaged a 2.6:1 benefit cost ratio for the next 25 years and helped convince Tucson 
Water that the tree planting program was complementary, rather than in conflict, with its 
water conservation program.  
In Chicago, New York City, Los Angeles, Sacramento and Seattle valuing the range of 
benefits of existing urban tree cover has helped initiate significant urban greening programs, 
such as GreenStreets, MillionTreesNYC, Los Angeles 1 Million trees and Greenprint, 
respectively (Chicago, 2013; City of Los Angeles, 2006; City of Seattle, 2007; 
milliontreesnyc, 2013; Sacramento Tree Foundation, 2013). Benefit cost analyses have also 
been applied to forecast the return on investment of those programs. An additional 95,000 
new trees (including 50,000 new street trees) in Chicago were forecast to deliver $38m 
(equivalent to $AU 70.2m in 2010) in environmental services and other benefits over a 30 
year timeframe. That was more than twice the cost of planting and maintaining those trees, 
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with pay-back periods reached in 9 to 15 years, depending on the location of the planting 
(McPherson, et al., 1994). By tracking the growth and mortality scenarios of the 1 million 
new trees in Los Angeles, researchers have found that up to $1.5- 2.0 billion (equivalent to 
$AU 1.4 to 1.9 billion in 2010) of stormwater runoff reduction, energy savings, emission 
reductions, air quality improvements and other benefits can be forecast to occur by 2040 
(McPherson, et al., 2011).  Mayor Blomberg quadrupled the city’s forestry budget and 
partnered with non-profit champions in 2008 when he launched the city’s Million Trees NYC 
project. The project was supported by the evidence from the Municipal Forest Resource 
Analysis (Peper et al. 2007) which confirmed that NYC’s street trees were a valuable asset 
providing $100m (equivalent to $AU 124m in 2010) worth of environmental and property 
value benefits each year, and returning for the citizens of NYC $5.60 for every $1 spent on 
tree planting and care. It was suggested that Mayor Bloomberg was particularly attracted to 
the property value benefits (Campbell, 2014). In 2007 Seattle adopted an Urban Forest 
Management Plan which proposed to double urban tree canopy cover from 18 per cent to 36 
per cent within 30 years to deliver benefits of up to $44m per year (equivalent to $AU 54.7m 
per year in 2010) in ES and halt UF losses estimated to have cost at least $1.3m per year 
(equivalent to $AU 1.6m per year in 2010) in lost stormwater management capacity alone. 
The Plan placed “treed relief” alongside other urban goals to help plan for urban growth, 
liveability, fostering economic growth and maintaining vibrant public places (City of Seattle 
2007). 
The research reported in this thesis derived an annual benefit-cost ratio and property tax 
returns, based on the results of an investigation into the property value benefit effects of 
Brisbane’s street trees, to review the value of past and present investments in street tree 
planting and maintenance by a local government agency.  The property value benefits in this 
study were combined with information about the extent and structure of Brisbane’s street tree 
population, comparisons with other cities, and applied to suggestions for future street tree 
planning and strategic investment.  This type of analysis has not been done before in an 
Australian city.  It fills an important gap in developing and applying evidence-based 
assessments and valuation to help inform urban tree management in Australia and 
internationally. 
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2.8  Synthesis and key knowledge gaps  
The ES concept emerged as a strategy to attract attention to ignorant destruction and over-
exploitation of natural ecosystems and to gain “buy-in” from decision makers about the need 
for caution and investment in sustainability at global, national and project scales. While there 
are acknowledged limitations to the concept, scholarship about monetary valuations of ES at 
global, city and urban greenspace and forest scales has proliferated.  
Quantifying, valuing and forecasting the many environmental, economic and social benefits 
of greenspace and tree cover in cities has become an increasingly accessible way of helping 
plan for resilient and fit for purpose green assets in the same way as grey assets such as roads, 
bridges, utility service infrastructure and buildings. ES measures and values highlight 
greenspace and urban trees as essential infrastructure and important elements of integrated 
solutions for sustainable and liveable cities. Dollar values, forecasts and demonstrated returns 
on investment are also powerful tools to promote the cost effectiveness of strategic tree 
planting, protection and proper care rather than to allow the costs of complacency, inadequate 
maintenance or tree cover loss.  
Planning, policy and GI investment have also been assisted by collaborative ecological-
economic-social research and networks. Frameworks, models and mapping tools have helped 
engagement with community and decision-makers. Yet ES assessment and its translation to 
planning and investment are yet to address many of the complexities of urban ecosystems. 
The knowledge gaps especially relevant to this study are summarised in Table 2-1. 
They include: the need for integrated “fit for purpose” ES assessment (biophysical, economic 
and social/political) and governance; recognition and management of spatial heterogeneity of 
UES; ongoing learnings, contextual knowledge building and home grown solutions from 
broader geographies, including the subtropics and major investment projects such as China’s 
“eco-cities”. 
Three decades of application of forest structure and benefit/cost analyses in the US have 
translated to some notable evidence-based cases for investment in strategic urban tree 
management. UF valuation tools such as “i-Tree ECO” are now available to countries outside 
the US. In Australia, “i-Tree ECO” has been used to report on environmental benefits of 
urban tree cover in Brisbane, Melbourne and Sydney (State of Australia Report 2013) and to 
undertake baseline measures of urban tree cover across Australia (“202020” 2015). The ES 
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valuation component of these tools has focused on topical environmental values such as air 
quality, rainfall interception, energy conservation and carbon storage and sequestration. 
There is currently a gap in knowledge and application of the property value benefits of street 
trees in Australian cities. Property values have made substantial contributions to benefit cost 
outcomes using tools such as “STRATUM” and “i-Tree Streets” developed in the US. This 
study adapts techniques widely used in the US to build the first evaluation of property value 
benefit returns from local government investments in street trees in Australia. 
Given the limited translation of the ES concept to policy and environmental resource 
management in Australia (Pittock, et al., 2012), this study begins to explore the relative 
importance of measures and values to planning and investment in UES. Reviews of the 
relative importance of these analyses amongst other evidence and influences on UF planning 
and policy, have seldom been undertaken (Campbell, 2014; Pincetl, et al., 2013). 
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Table 2-2 Summary of research knowledge gaps relevant to this study. 
 
Knowledge Gaps Research questions Aim/ Objectives 
Need for ongoing context specific 
measures of supply and demand for 
UES to help understand, promote and 
apply ES approach to sustainable green 
asset management and “sustainable 
cities”. 
Given the development of accessible 
techniques for measuring and valuing 
the ES benefits and costs of street trees, 
has such evidence translated into better 
planning and investment for UFs?  
This research seeks to build a better 
understanding of how contemporary 
techniques of analysing UF structure 
and valuing ES can be adapted and 
applied, to inform planning and 
investment in GI, using street trees in 
an Australian city as a case study.  
 
Evidence gathering techniques need to 
account for spatial unevenness of 
sources of ES, such as street tree cover 
within land-use/cover zones. 
Need for measures and valuation of 
demands (Vs supply) for UES - 
including better understanding of 
property value benefit variation 
between cities. 
Limited measures, outside of US, of 
property value returns on investment in 
urban trees. 
Need for adaptation of UF modelling 
tools to be context specific for more 
robust business cases, transferrable to 
broader use 
Are there opportunities to adapt 
contemporary techniques for gathering 
evidence in different cities to inform 
strategic planning and investment in 
street trees? 
1. Gather accurate information about 
the extent, structure and 
composition of a large, unevenly 
distributed street tree population, 
in the case study city. 
  
2. Derive an ecosystem service 
benefit-cost analysis (BCA) of 
past and future investments in 
street tree management, based on 
the residential property value 
benefits of leafy streets, in the 
case study city.  
Need for better understanding of the 
relative importance of measures and 
valuations (as a type of evidence) to 
decision-making in UF planning and 
investment. 
If measures and valuations of ES of 
street trees are important for 
justifying/supporting strategic planning 
and investment, to what extent have 
international cities with exemplar UF 
programs used such evidence? 
3. Review the relative importance of 
measures and valuations of ES to 
investments in street tree 
programs in four international 
cities, reported as UF planning 
and management exemplars.  
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CHAPTER 3  
BUILDING EVIDENCE FOR UF PLANNING AND INVESTMENT– ASSESSING 
STREET TREE EXTENT, POPULATION, STRUCTURE AND COMPOSITION IN 
BRISBANE 
 
3.1 Introduction 
 “Data-driven planning” for UF management begins with foundational evidence about the 
extent, composition, condition and purpose of the resource. As a basis for planning and 
investment, this evidence needs to be robust and relevant to target an audience of decision 
makers, community and broader stakeholders and potential investors yet provide a platform 
for guiding innovative solutions and integrating UFs into sustainable development for the city 
(Jansson and Lindgren, 2012; Sunderland, et al., 2012; Wolf, et al., 2015).  
UF research, predominantly in the US, and especially over the last three decades, has 
established quantifiable relationships between UF structure and ES functions and value. Tree 
canopy cover and density, species diversity, condition and distribution across urban 
landscapes not only affects the extent of ES, such as air and water cleaning and cooling 
services offered by street trees, but also determines the current and forecast levels of 
maintenance need, risk, resilience and capacity for enhancement (McPherson, 2007; Nowak, 
et al., 1996).  
Several studies and sampling techniques have identified and accounted for spatial 
heterogeneity of urban tree canopy cover across different land-uses and tenures (Dobbs, et al., 
2013; Escobedo and Nowak, 2009; Jaenson, et al., 1992; Kirkpatrick, et al., 2011; Maco and 
McPherson, 2003; Nowak, et al., 2008a; Sanders, 1984). Others have explored the influence 
of biophysical, land-use change and socio-demographic variables  on this uneven distribution, 
interpreted by some as contributing to inequity in ES provision (Conway and Bourne, 2013; 
Gong, et al., 2013; Heynen, et al., 2006; Ives and Kendal, 2014; Kendal, et al., 2012; Pham, 
et al., 2013; Wolch, et al., 2014; Daniel, 2012). Such unevenness has not been limited to tree 
cover on private property, but has also been found in public streetscapes and parklands 
(Landry and Chakraborty, 2009). However, few studies and tools have accounted for spatial 
heterogeneity when sampling street tree populations within a single land-use type (Nagendra 
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and Gopal, 2010). In large cities, 100 per cent street tree inventories are often cost prohibitive 
or undertaken infrequently. Sample surveys provide a cost effective alternative to inform 
forward planning and monitoring of existing policies (Nowak, et al., 2008a). Given the 
importance of accurate evidence as the foundation to planning and investment in high cost 
UF components like street trees, there are opportunities to improve contemporary evidence 
gathering techniques to ensure that sampling is representative of unevenly distributed tree 
cover.  
This chapter contributes to the overall aim of this study to demonstrate adaptations to 
evidence gathering techniques that inform robust planning and investment strategies for 
urban trees, by gathering accurate information about the extent, structure and composition of 
a large, unevenly distributed street tree population, in the case study city (Objective 1). 
  
 
3.1.1  Street trees in Brisbane’s UF  
In 2010, trees and their collective canopy areas, measured by BCC, from satellite and 
airborne LiDAR imagery, covered 51.2 per cent (70,673 ha) of the land area within the BCC 
boundaries. As shown in Figure 3-1, just over half of Brisbane’s city-wide tree canopy cover 
was growing on public land in 2010, including 4.1 per cent (2,960 ha) of street tree canopies 
specifically within BCC road reserves. In residential suburbs*, where tree canopies cover 
35.3 per cent of land area, most tree cover grows on private land. Street tree canopies 
growing alongside around 4,800km of streets, make up almost a third of all public tree 
canopy cover.   
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Figure 3-1 Percentage tree canopy cover in 2010 by land tenure across Brisbane City Council 
(BCC) area and across residential suburbs of BCC. Residential suburbs are defined as those 
suburbs with 50 per cent or more of their land area designated in Brisbane City Council - City 
Plan 2000 as a type of residential zoning. 
 
While Australian cities like Sydney with 15.5 per cent tree cover (City of Sydney, 2013), 
Melbourne with 11 per cent tree cover (City of Melbourne, 2013) and many other cities of the 
world are striving to reach 35 per cent tree canopy cover (American Forests 2012), Brisbane 
may be facing the issue of maintaining this level in residential suburbs.  Significant changes 
in Brisbane’s residential tree cover are predicted as patterns of development change to 
accommodate its increasing population (BCC 2013). Privately owned houses with backyards, 
currently dominate residential land use, providing the space for almost two thirds of 
residential tree cover in 2010.  This is changing, especially in high growth Brisbane suburbs 
as new dwelling forms occupy a greater proportion of site area (Daniel, 2012; Hall, 2010). 
Streetscapes are likely to become important components of the diverse greenspace network 
needed to meet the demands of densifying cities and their changing climates (Byrne, et al., 
2010; Hamin and Gurran, 2009). The extent to which tree cover in public spaces like parks 
and streets can help compensate for losses on private land may depend on significant and 
strategic investments in urban greening. 
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3.2  Method 
This study used data from spatial imagery analysis and a random sample survey, stratified in 
order to be representative of the unevenness of street tree canopy cover and density across 
residential areas, to explore the extent, structure, composition and management needs of 
street tree assets in the subtropical case study city of Brisbane, Australia.   
 
3.2.1  Spatial data 
2010 tree cover data was obtained from BCC and used to determine structural characteristics 
of the city-wide street tree canopy cover extent and distribution. Tree canopy cover was 
calculated from the processing of airborne laser scanner data, acquired by the state 
government Department of Environment and Resource Management (DERM) between 
March and June 2009, integrated with high resolution WorldView 2 satellite imagery, 
acquired by BCC between 22 March and 21 June 2010 from Digital Globe.  This processing 
produced data of tree foliage projective cover and binary (presence/absence) tree canopy 
cover at two metre resolution. The tree canopy cover was then intersected with various 
polygon vector layers specified for this study, for example road parcels, to derive tree canopy 
cover metrics, using a desktop geographic information system (ArcGIS v10.0). Satellite and 
airborne imagery was also used by Brisbane in 2005 and 2008 to analyse tree cover, set 
footpath and bikeway tree shade cover targets and prioritise shade tree planting programs. 
 
3.2.2  Sample Survey/Inventory data 
The 2010-2011 street tree sample survey data were obtained from BCC. Analysis of the 2010 
tree cover data revealed a wide variation in street tree canopy cover within road reserves 
across residential suburbs (Figure 3-2).   
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Figure 3-2 Percentage road reserve tree canopy cover across all Brisbane suburbs – 2010 
(BCC) 
 
Eighty sample sites were chosen randomly from ten strata which represented the actual range 
of street tree density and canopy coverage across 500 x 500 metre grid cells laid over 115 
residential suburb boundaries of the case study area. To further account for variations in 
street tree density not revealed by canopy coverage metrics alone, a surrogate measure of 
street tree density and coverage was defined as the average tree canopy cluster (area of 
contiguous tree canopy) size within the road reserve, multiplied by the number of clusters 
within each grid cell. Mapping and all metrics were calculated using a desktop geographic 
information system (ArcGIS v10.0). The range and frequency of density and canopy 
coverage within the grid cells is shown in Figure 3-3. The distribution of the ten percentiles 
capturing this variation is shown in Figure 3-4 and the location of the 80 sample sites chosen 
randomly from the percentiles is shown in Figure 3-5.  
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Street tree density and canopy coverage 
 
Figure 3-3 Frequency distribution of street tree density and canopy coverage 
(average canopy cluster area in square metres multiplied by the number of 
clusters) variation across 500 x 500 metre grid cells in residential suburbs of 
Brisbane. Ten percentiles of the distribution are marked with dashed lines and 
coloured in the horizontal bar. Spatial distribution of these percentiles is shown 
in Figure 3-4.  
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Figure 3-4 Spatial distribution of the ten percentile categories of street tree density and canopy 
coverage within each 500x 500 m grid cell across residential suburbs of Brisbane (BCC). Blue 
grid cells have greatest street tree density and coverage. Red grid cells have least density and 
coverage of street trees (Image from BCC). 
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This approach to stratification differs from that commonly used in other studies that stratify 
the sampling of the street tree population by land-use or governance boundaries and then 
select sample sites randomly within those strata (i-Tree, 2014). Using land-use or other 
boundaries to stratify sampling has an advantage of allowing output comparisons to be made 
across strata. However if heterogeneity within strata is not accounted for in the sampling, 
then such comparisons become less accurate.  This sampling approach used in this study was 
Figure 3-5 Locations of 80 street tree sample sites- 8 sample sites chosen at random from 
within each of the ten percentile categories of tree canopy cover within road reserves of 
residential suburbs (Image from BCC) 
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similar to the second stage stratification suggested by Jaenson et al (1992) that provides a 
sampling representative of the typically uneven distribution of street trees across urban areas. 
However, remote sensing data analysis rather than ground based pre-sampling was used to 
pre-stratify by street tree density and coverage (Maco and McPherson, 2003), enabling a 
more efficient, “desk-top” approach to pre-stratification.  
Each sample site was used as the starting point for the 2010 on-ground street tree inventory 
survey. Along no less than two kilometres of street length, street trees and planting 
opportunities on both sides of the street were mapped and attributes of all located street trees 
recorded. Inventory data collected by Brisbane City Council contractors included: length of 
street(s) surveyed, location of trees, presence or absence of overhead powerlines, number of 
trees, number of planting opportunities
2
, tree species, age (new: 0 to 2 years, juvenile: 3 to 5 
years, maturing: 6 to 15 years, mature: 16-30 years, aged: > 30 years), tree size (diameter at 
breast height – DBH, and canopy width), tree condition (dead, poor, fair, good, excellent) and 
tree risk rating and tree maintenance needs. Survey contractors were qualified arborists and 
used a BCC tree risk assessment standard adapted from AS/NZS ISO 31000:2009 Risk 
Management standard (Standards Australia 2015) to rate tree risk as low medium or high. 
Maintenance needs were categorised as none at this time, minor prune (work that can be 
undertaken from the ground level), medium prune (work that can be undertaken from a 55 ft 
elevated platform vehicle), major work (requiring specialised equipment), and removal 
recommended (for trees identified as high risk or dead). Data was collected for 16,669 street 
trees, from 80 sample sites, along 220km (or 4.5%) of the 4,839km of residential street/road 
length in residential Brisbane. 
 
The survey data was up scaled to provide an estimate of residential street tree population and 
planting opportunities using the average number of trees per kilometre from each of the strata 
multiplied by the total length of streets of each particular street tree density strata. Standard 
errors were calculated from the deviations from the mean number of trees per kilometre per 
strata. Total relative standard error was the sum of strata standard errors as a proportion of 
tree counts per strata, calculated using SPSS v21 statistical software. The 16,669 street trees 
of the sample survey represented 2.9 per cent of the estimated street tree population. 
                                                 
2
 Planting opportunities were determined using BCC streetscape design guidelines for street tree planting 
locations in City Plan 2000  
http://www.brisbane.qld.gov.au/planning-building/planning-guidelines-and-tools/superseded-brisbane-city-plan-
2000/centres-design-detail-manual/streetscape-design 
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Using comparisons to both best practice guidelines and diversity and evenness indices 
(Shannon-Weiner index) (Shannon and Weaver 1949), and structural analyses of street tree 
populations of other tropical, subtropical, Australian and international cities (Dobbs, et al., 
2013; Frank and Santamour, 1990; McPherson and Rowntree, 1989; Miller, et al., 2015; 
Peper, et al., 2007; City of Melbourne, 2013; City of Sydney, 2013), population profile and 
management priorities were identified for street trees in the case study city.  
Mild subtropical climates, such as Brisbane, support high levels of species diversity in natural 
forests.. However, the limited studies of tropical and subtropical street tree populations to 
date, have reported low levels of species diversity (Jim and Liu, 2001; Pedlowski, et al., 
2002; Sreetheran, et al., 2011; Thaiutsa, et al., 2008).  
 
3.3 Results 
3.3.1  Sampling error 
Small sample sizes often limit the validity of extrapolations. Nowak et al (2008) suggested 
sample sizes for assessing UF structure, of 50-100, could attract sampling error of between 
25-15 per cent, respectively.  The pre-stratification by street tree density and canopy coverage 
used in this study reduced relative sampling error to 6.08 per cent, providing a robust 
population estimate, stocking level and population profile of a vast and unevenly distributed 
street tree resource using a sample size of just 2.90 per cent. 
 
3.3.2 Street tree extent and distribution 
Figure 3-2 shows the uneven distribution of road reserve tree canopy cover across the 195 
mainland suburbs of Brisbane in 2010. Across 115 residential suburbs, where street trees 
contributed 10.9 per cent of the total tree cover, street tree canopy cover, as a proportion of 
road reserve area, varied from less than 10 per cent, to greater than 40 per cent. This uneven 
road reserve tree canopy and density formed the basis of the pre-stratification for the 2010 
street tree sample survey across residential suburbs.  
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3.3.3 Street tree population and stocking level 
The estimated number of street trees growing along residential Brisbane footpaths in 2010 
was 432,445 (± 26,293). That was an average of 89 street trees per kilometre, and a range of 
69 to 113 street trees per kilometre. There were an estimated 123,222 (±7,492) planting 
opportunities, meaning that street trees were already occupying around 78 per cent of 
available spaces in Brisbane, a considerably higher stocking level than suggested by 
Kirkpatrick et al. (2011) using a 2006 aerial photography survey. Brisbane is currently 
aiming to improve residential footpath tree canopy/shade cover from the 2010 average of 35 
per cent to an average of 50 per cent by 2031. These results indicate there is potential for 
additional street tree planting to achieve that target. 
 
3.3.4 Street tree composition and diversity 
Over 200 different species of trees were found growing on Brisbane footpaths in the sample 
survey of 16,669 street trees in 2010. Just 30 species make up 73 per cent of population, and 
ten species make up almost 50 per cent of the population. This diverse but uneven species 
composition was reflected in a Shannon-Weiner diversity index of 4.1 and evenness 0.77. 
Caesalpinia ferrea, planted mostly in the 1970s and 1980s were found to be not just the most 
common species (8.9 per cent), but also the species providing the greatest canopy area 
contribution (Figure 3-6).  C. ferrea was the only non-native deciduous species in the top 10. 
The majority of others were native evergreen species such as Harpullia pendula, and 
Buckinghamia celcissima. Aside from two larger growing tree species, Flindersia australis 
and Jacaranda mimosaefolia, the most common species found on Brisbane footpaths in the 
sample survey were species that grow to a small-medium size. Evergreen species that grow to 
a small to medium size have been preferred by the community and most commonly used 
since Brisbane’s Neighbourhood Shadeway program began in 2006-07 (BCC 2013).  
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Figure 3-6 Ten most common species, by percentage, of sample population. 
 
 
Figure 3-7 Species diversity of 2010 street tree population in Brisbane, Melbourne (2008) and 
Sydney (2011) compared to Santamour (1990), “30:20:10” guideline. 
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While 33 per cent of Brisbane’s most common street tree species were from the Myrtaceae 
family, which is susceptible to Myrtle Rust, as shown in Figure 3-7, this level is just over the 
level of 30 per cent of species from the same family (no more than 20 per cent of species 
from the same genus, and no more than 10 per cent of species from the same species) 
suggested as a diversity guideline by Frank and Santamour (1990), and much less than the 
dominance of myrtaceous trees in other Australian cities of Melbourne and Sydney. 
BCC has planted an average of around 11,000 street trees each year since 2007-8 (BCC, 
2013) including more species from the Sapindaceae family as well as species of the colourful 
and well adapted Handroanthus genus. There has been a significant shift to planting small to 
medium sized species such as H. pendula, B. celcissima, Cupaniopsis anarcardioides, 
Xanthostemon chrysanthus. In 2009-10 almost a fifth of all street trees planted were H. 
pendula.  
 
3.3.5 Street tree age, size, risk and maintenance needs profile 
Most of Brisbane’s street trees were between 5 and 10 metres in height. Effective street trees 
are routinely upright in form to allow for clearance for people and traffic, and shade for the 
footpath. However 42 per cent of the sampled trees were no taller than 5 m (Figure 3-8), and 
almost a third of street trees in the sample survey were growing under overhead powerlines. 
Two thirds of Brisbane’s street trees were also found to be 5 m or less in canopy width in 
2010-2011.  
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Figure 3-8 Street tree height (in metres) classes of the sample 
 
 
Figure 3-9 Size range (in mm Diameter at Breast Height-DBH), of the ten (10) most common 
street tree species in the sample. 
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Of the top ten most common street trees in the sample, only three have more than 10 per cent 
of their population greater than 300 mm (or 6 inches) in trunk diameter at breast height 
(DBH). Figure 3-9 also shows a shift away from new plantings of some larger growing 
species like C. ferrea and D. regia, in favour of small-medium growing species which 
dominate the smaller trunk diameter size classes. 
Most of Brisbane’s street trees have not yet reached maturity, with more than 70 per cent 
estimated to be 15 years old or less (Figure 3-10). Only 2 per cent were categorized as 
“aged”.  
 
Figure 3-10 Age classes of the street tree sample 
 
Most street trees were rated in fair health (Figure 3-11). The most common species, C. ferrea 
(Leopard tree), were mostly of fair health irrespective of age category. Lophostemon 
confertus (brush box) was found to be the most common species of maturing age in good 
health. Those in poor health or dead made up the 4.4 per cent of the street tree sample 
population being recommended for removal.  
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Figure 3-11 Tree health classes of street trees from 2010-2011 street tree sample survey 
 
Qualified arborists rated 99 per cent of the street trees as low risk in the 2010-2011 street tree 
survey, using a tree risk assessment standard consistent with AS/NZS ISO 31000:2009 Risk 
Management standard (Standards Australia 2015). Non-urgent minor pruning comprised 75.4 
per cent of street tree maintenance work identified (Figure 3-12), consistent with a low risk, 
fair health, maturing population.  Most street tree maintenance work undertaken by BCC is 
minor pruning and the most common request from residents to BCC, is for such ground based 
minor pruning to clear small branches from footpaths and street sides.  
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Figure 3-12 Street tree maintenance needs categories identified in 2010-2011 street tree 
sample survey. “Std EPV” is work that can be performed from a 55ft Elevated Platform 
Vehicle. 
 
In summary, the street tree survey results revealed an extensive population of small to 
medium sized, diverse, maturing, low risk street trees of fair health. Although somewhat 
dominated by a legacy of C. ferrea planting, small-medium growing evergreen native species 
were confirmed to be transitioning into the population from more recent planting preferences. 
The proportion of maturing trees in the population has possibly been overestimated by the 
difficulty of determining accurate age classes for tree species that only grow to a medium size 
at maturity. Vulnerability to large losses of aged trees was found to be very small. However 
vulnerability to pests and diseases that are family specific, such as Myrtle Rust, remains quite 
high.   
 
3.4 Discussion 
Analysis of a representative sample of the unevenly distributed street trees of Brisbane 
revealed an extensive population of small to medium sized, diverse types of maturing, low 
risk street trees of fair health. This evidence is affects the specific extent of ES and 
disservices currently offered by the street tree population of Brisbane, but is also fundamental  
to the forecast levels of maintenance need, risk, resilience and capacity for enhancement 
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(Berland and Hopton, 2014a; McPherson and Rowntree, 1989; Ning, et al., 2011; Soares, et 
al., 2011; Subburayalu and Sydnor, 2012; i-Tree, 2014; McPherson, et al., 1997; Nowak, et 
al., 1996)..  
Pre-stratifying to account for spatial heterogeneity in street tree density and canopy cover 
significantly reduced sampling error forecast by earlier studies (Nowak, et al., 2008b). 
Remotely sensed forest cover and structure data is increasingly accurate, accessible and 
affordable. It not only allows more evidence about UF assets to be sourced at the “desk-top”, 
but provides the basis for accurate and efficient field survey data collection, from a smaller 
number of sample sites, especially in large scale study areas where uneven urban tree density 
and distribution is the norm. In this case, “desk-top” street tree canopy cover data replaces the 
pre-sample “windshield” survey of street tree density recommended for street tree sample 
surveys (Jaenson, et al., 1992; Maco and McPherson, 2003). Exploring structural variations 
between land use or management zones would simply require pre-stratification of sampling 
within the zones, based on their respective levels of spatial heterogeneity.   
Although the proportion of properties in Brisbane with adjacent street trees may have 
doubled over the last 45 years (Kirkpatrick, et al., 2011) the 2010 street tree survey found 
space available for approximately another 120,000. Therefore, the Brisbane goal of 
increasing residential footpath tree shade cover from 35 per cent to 50 per cent by 2031 is 
achievable. Such greener, shaded and cooler streetscapes can support both increased 
frequency and duration of neighbourhood walks and healthy active living (Sarkar, et al., 
2015; Heart Foundation, 2014). 
The mild subtropical climate of Brisbane supports a high level of species richness (H’= 4.1), 
similar to that of the southern China city of Guangzhou (H’= 5.46) (Jim and Liu, 2001), and 
slightly higher than the street tree population of the wet temperate Australian city of 
Melbourne (H’= 3.7) (Dobbs, et al., 2013) but unexpectedly greater than those reported in 
tropical street tree populations (Deb, et al., 2013; Pedlowski, et al., 2002; Sreetheran, et al., 
2011; Thaiutsa, et al., 2008). Although climate can influence species richness (Cowett and 
Bassuk, 2014; Kendal, et al., 2014; McPherson and Rowntree, 1989), Brisbane’s rich 
diversity of street tree species may also be a product of a number of abiotic factors such as 
influential visionaries (Plant, 1996), resident preferences (Avolio, et al., 2015) ease of 
propagation, pre-development land use and planting policies (Kendal, et al., 2012). 
Contemporary local government decision-makers can help sustain healthy, resilient and 
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beneficial street tree assets over time by continuing to support a mix of tree species, sizes and 
ages (McPherson, et al., 2005). Yet, residents and other stakeholders need to understand the 
need for diverse urban tree populations (Lohr, 2013). Some insight into home-buyers 
preferences for street tree species diversity was explored in Objective 2 of this study. 
While Brisbane’s street trees are not as vulnerable as Sydney and Melbourne to losses from 
the disease threat of Myrtle Rust, there was a trend towards native small-medium evergreen 
species such as B. celcissima and X. chrysanthus is at the expense of some larger growing 
exotic species like C. ferrea (leopard tree) and D. regia (Poinciana). More than a third of 
Brisbane’s street tree population in 2010-2011 were small and medium growing native 
evergreen street trees. This can lead to a different type of vulnerability for the street tree 
population.  These types of street trees align well with pathway shade functions, risk 
management goals and powerline constraints of Brisbane’s streetscapes, however there are 
trade-offs to downsizing street tree species. The City of Sydney is forecasting that 57 per cent 
of their street trees will grow large enough to tackle urban heat island effects in low tree 
cover suburbs (City of Sydney, 2013). Brisbane’s street trees surveyed in 2010-2011 were on 
average just over 5 metres tall. In 2007, New York City’s (NYC) street tree population was 
around the same in numbers as Brisbane’s, yet the majority of NYC street trees were greater 
than 10 metres tall. NYC’s large shady trees were also delivering valuable environmental 
benefits, especially by cooling urban heat islands, energy conservation and air quality 
improvement (Peper, et al., 2007).  Downsizing of urban trees is often a symptom of above 
and below ground space constraints, and a common response to the issues of infrastructure 
damage and risk (Ely, 2010; McPherson, et al., 2005).   
Perhaps as a consequence of the high proportion of small-medium sized trees, this study 
identified very low levels of risk to people or property from the Brisbane street tree 
population. Yet there need only be perceptions of higher risk from street trees by the 
community (Kirkpatrick, et al., 2012), for them to demand long-lasting and ongoing trade-
offs in species size and stocking levels.  
Small-medium growing species are also likely to require ongoing minor pruning to clear 
branches from pedestrian and roadside zones. This, together with a street tree population 
dominated by trees of maturing age, may already be contributing to the high proportion of 
ground based minor pruning maintenance needs identified. Unlike larger growing species 
which respond to earlier formative pruning to grow clear of footpath and road clearance 
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zones, smaller growing species never “grow out” of the need for regular ground based 
clearance pruning. Rather than reducing ongoing costs of maintenance, smaller growing, less 
long-lived street tree species, can increase tree management budget requirements and reduce 
benefits (McPherson and Rowntree, 1989).  
Brisbane Streetscape Design Guidelines (BCC, 2014) promote a range of tree planting pit and 
trench designs, and a mixture of species, including larger growing and iconic tree species, 
where possible, especially along major road boulevards. Within residential streets, however, 
this study confirmed the need to continue to seek a diversity of medium growing tree species, 
from some proven families such as Sapindaceae, as alternatives to small species like 
B.celsissima and X. chrysanthus, and vulnerable Myrtaceae species. Policies such as a “no net 
canopy area loss” approach to tree replacement (BCC 2014) may also help to control the 
impacts of downsizing of tree species on progress towards canopy and tree shade cover 
targets in residential suburbs.    
The unevenness of age profile and the small proportion of aged trees (2 per cent) in Brisbane 
is positive and supported by UF management guidelines (Clark, et al., 1997; Kenney, et al., 
2011; Richards, 1983). The reported large proportion (66 per cent) of street trees of a 
maturing age class, may be a partly biased number, the bias arising from difficulties in 
assessing the age of smaller growing species.  This could however, also be a symptom of 
premature decline and losses that deserve further investigation using survival rate surveys of 
3, 5 and 10 year old plantings. Unlike species such as D. regia and C. ferrea that have proven 
their resilience by reaching larger size and older age, newer species have not yet proven their 
performance over time.   
Brisbane’s tree management currently includes a program of establishment and juvenile 
maintenance for street trees up to age five. “Maturing” street trees, the largest proportion of 
the street tree population, however, receive predominantly reactive maintenance. One or two 
additional programmed maintenance visits for “maturing” street trees may improve longevity 
and control costs in the longer term. Both hazard reduction and formative structural work, 
while the trees are still small enough to work on from the ground, is recognised as a key 
component of proactive cost and tree risk management (Miller, et al., 2015).  
 
3.5 Conclusion 
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The extent of tree cover, and in particular the composition, structure and ES values of street 
tree populations, is increasingly informed by the analysis of the combination of remotely 
sensed information and sample field inventories. This provides a fundamental basis for 
informed decisions about future management priorities of the resource. In the case study city, 
the results confirm capacity for progress towards Brisbane’s footpath shade tree targets and 
highlight priorities for future planning and investment.  Those cities that progress best 
towards sustainable, multi-purpose, valued UFs, are those that have combined several 
accurate sources of evidence to review and redirect their policies, investment and actions.  
Adapting evidence gathering techniques, such as using remotely sensed tree canopy cover 
and density to stratify sampling, provides the opportunity for more frequent monitoring of 
large and dispersed tree populations in other cities.  Applications of advances in remote 
sensing may further reduce the amount of field data collection required, subject to the costs of 
accessing and processing these precision levels of tree data.  
In the next analytical chapter of this thesis, addressing Objective 2, additional data from the 
same 80 stratified sample sites within Brisbane’s residential suburbs, was used to gather and 
apply evidence about the monetary value of this diverse and extensive street tree population. 
While robust structural evidence is foundational to managing UF components, like street 
trees, placing a monetary value on the resource builds a business case for investing in that 
management. As discussed in section 2.6, street trees are a particularly multifunctional 
component of the UF, capable of delivering a range of environmental, economic and social 
benefits. In this study, economic property value benefits were used to quantify returns to 
investors in UF management.    
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CHAPTER 4  
BUILDING EVIDENCE FOR UF PLANNING AND INVESTMENT– PROPERTY 
VALUE BENEFITS AND RETURNS ON INVESTMENT  
 
4.1 Introduction 
Contemporary, fit for purpose, “sustainable city” models are rediscovering natural processes 
and integrating alternative forms of GI (Pincetl, 2010). This concept of cities as adaptive, 
multi-functional, social-ecological systems (Pickett, et al., 2011) delivering habitats for 
humans is also making sense economically. Measuring and valuing the environmental, social 
and economic services of UFs, helps promote urban trees as essential components of GI 
(Hubacek and Kronenberg, 2013; Silvera Seamans, 2013), frame choices and trade-offs for 
public policy makers (McPherson, 1992; Stone, et al., 2015; Wilker and Rusche, 2014; Wolf, 
2007) and quantify links to liveability and well-being (Kardan, et al., 2015; Wolf, et al., 
2015). Accounting for context specific ES and values (Mäler, et al., 2008) is critical to 
developing stronger business cases for investment in GI, such as street trees.  
As outlined below, there have been limited valuations of urban trees/forest in Australia with 
no published measures of property tax revenue returns to municipal investors and others, 
associated with the property value benefits of urban greening. Property values are topical in 
Australia where 68 per cent of Australians own or are paying off their homes, (ABS, 2015). 
With flow-on benefits extending well beyond government property tax revenues, engaging 
with such a large audience of beneficiaries (including home-owners, developers, and real 
estate businesses) may need to be considered not just in Australian cities, but elsewhere, to 
help explore alternative investment strategies for GI beyond limited municipal funds. 
As described above in section 2.7, the value of trees, growing on and nearby residential 
properties, revealed in interdisciplinary studies of home-buyers preferences, have varied and 
effects have been both positive and negative (Anderson and Cordell, 1988b; Anthon, et al., 
2005; Conway, et al., 2010; Dombrow, et al., 2000; Donovan and Butry, 2010; Drake-
McLaughlin and Netusil, 2010; Kong, et al., 2007; Luttik, 2000; Melichar and Kaprová, 
2013; Melichar, et al., 2009; Morales, 1980; Netusil, et al., 2014; Pandit, et al., 2014; Pandit, 
et al., 2013; Payton, et al., 2008; Sander, et al., 2010; Saphores and Li, 2012; Tyrväinen, 
1997; Tyrvainen and Miettinen, 2000; Wachter and Bucchianeri, 2006; Wolf, 2007). Despite 
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similarities in methods, street tree canopy cover within 20 metres of houses sold in Perth in 
2009 added a 1.8 per cent premium to median sale price (Pandit, et al., 2014), yet street tree 
canopy within a similar proximity (30.5 metres) of houses in Portland, Oregon sold for 3 per 
cent more in 2006-2007 (Donovan and Butry, 2010). Socio-economic status of the 
neighbourhood, types of trees and tree planting programs, recency of plantings and trees in 
combination with other amenities have also influenced the extent of property value gains 
from street trees (Netusil, et al., 2014; Pandit, et al., 2013; Pedlowski, et al., 2002; Wachter, 
et al., 2006; Wachter and Bucchianeri, 2006). Limited gains in property values from nearby 
green cover in Los Angeles were attributed to home-buyers indifference greenspace is less 
scarce (Conway, et al., 2010). Likewise an analysis of home sales prices in the Minneapolis-
St. Paul metropolitan area showed that the value of proximity to open space was higher in 
more densely populated neighbourhoods (Anderson and West, 2006). Home-buyers 
preferences for trees on the property itself have also varied from insignificant to negative and 
positive depending on thresholds of canopy coverage (Drake-McLaughlin and Netusil, 2010; 
Netusil, et al., 2014; Pandit, et al., 2014; Sander, et al., 2010; Saphores and Li, 2012) and 
socio-economic status of the location (Glaesener and Caruso, 2015; Heynen, et al., 2006).  
To better understand the extent and sources of variation in the effect of tree cover on property 
values between and within cities, this study used revealed preference, hedonic price models 
to explore the effect of trees on and nearby house sale sites in Brisbane. Estimated annual 
property value benefits of street trees were compared to results from other studies. Additional 
property tax returns to municipal investors and others can be used to help urban forest 
managers develop  better business cases for ongoing planning and investment in leafy streets.  
It is suggested that software tools, which already provide broader access to UF valuations and 
benefit cost analyses, can be adapted and improved through a better understanding of the 
variations in property value effects of GI between cities.  
This research focused on property value benefits. Although just one of many UF benefits 
estimated annual property value improvement effects of street trees have often outweighed 
the monetary estimates of environmental values in integrated assessments (Fairman, et al., 
2010; McPherson, et al., 2005; Peper, et al., 2007; Soares, et al., 2011).  Property value 
benefits of street trees have also demonstrated high returns on investment in their own right 
(Donovan and Butry, 2010; Peper, et al., 2007).  
64 
 
The next section of this chapter provides a review of the literature on valuing UF benefits in 
Australian cities. That is followed by a description of Brisbane’s governance and property tax 
structure. Details are then provided on the sources and preparation of the house, property, 
neighbourhood and tree data as well as the methods used to explore the effects of trees on 
house sale price and subsequent value and return estimates for street trees. The final portion 
of the chapter contains the results, discussion in relation to other studies and the contribution 
of this research to UF planning and investment strategies. 
 
4.1.1 Valuing UF benefits in Australian cities 
Management of natural resources in Australian cities has most often focused on biodiversity 
values of threatened natural areas and waterways (Pittock, et al., 2012). The development of 
the South East Queensland (SEQ) Ecosystems Services Framework, focused on vegetation 
communities of ecological significance (Maynard, et al., 2011). A national green 
infrastructure network also focused on a biodiversity connectivity strategy (Kilbane, 2013). 
John French (1976), a trained forester, was perhaps first to forecast the benefits of trees in 
Australian cities. His suggestion of the role of urban trees and tree canopy cover in 
stormwater runoff reduction and treatment for water sensitive Australian cities has been 
confirmed (Denman, et al., 2011; Tapper, 2010). Implementing “greener” stormwater 
management practices required by the Queensland State Planning Policy for Healthy 
Waterways was recently estimated to return premiums on land values likely to outweigh the 
costs of their installation (Water by Design 2010).   
In Australia, the carbon sequestration values of trees have become more topical in the carbon 
economy (Australian Government 2013). However, it is interesting to note that the value of 
carbon sequestration by Canberra’s 400,000 publicly managed trees was estimated to be 
worth just $US 300,000 per year (equivalent to $AU657,270 in 2010), compared to $US1.57 
million (equivalent to $AU 3.44m in 2010) worth of energy and avoided emission savings 
from the cooling effects of their shade (Brack, 2002a). Climate amelioration benefits of urban 
tree cover, including tree shaded streets, cooling urban heat islands (UHI), improving 
walkability (Bowler, et al., 2010; Drake-McLaughlin and Netusil, 2010; Dumbaugh, 2006; 
Leuzinger, et al., 2010; Mayer, et al., 2008; Nagendra and Gopal, 2010; Sarkar, et al., 2015; 
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Shashua-Bar, et al., 2010),  and other associated health benefits (Pyper, 2004; Tarran, 2009) 
are particularly relevant to the issues facing Australian cities in changing climates (Coutts, et 
al., 2013).  
The opportunities for promoting both climate change mitigation and adaptation benefits of 
greener Australian cities have been highlighted (Moore, 2009; Plant, 2006). Converting such 
benefits to actions is the challenge. The Australian Government (2010) suggest that local 
government climate change adaptation actions, such as urban greening, which provide a net 
benefit and co-benefits to environment, society and or economy are more easily implemented 
adaptations. Melbourne’s urban forest strategies include increasing tree cover to help reduce 
the UHI effect alongside adaptation to climate change and designing for health and well-
being (City of Melbourne, 2013) 
In contrast, the role of urban tree cover in urban climate change mitigation and adaptation 
rated no mention in Australia’s “Climate change adaptations actions for Local Government” 
(2010) nor in Brisbane City Council’s “Plan for Action on Climate Change and Energy” 
(BCC 2013).   A shift to investing in ecosystems for sustainable development and multiple 
benefits and outcomes has also been suggested (Australian Government 2010). More positive 
progress is being made in Australia’s urban design arena (Ely, 2010). The revised “Complete 
Streets” guidelines (Institute of Public Works Engineering Australia-Qld 2010), for example, 
recognizes streets, and their trees, as major elements of place making, vital to creating 
successful neighbourhoods.  
A few contemporary Australian studies have gained insight into community preferences for 
greenspace and urban trees using a range of valuation techniques, including “life-satisfaction” 
valuation (Ambrey and Fleming, 2014). Home-buyers in Perth and survey respondents from 
cities across Australia strongly support the provision of leafy streets and access to a diversity 
of public greenspaces (Ambrey and Fleming, 2014; Ark, 2014; Pandit, et al., 2013). 
However, recent studies have suggested that changes in composition and distribution of 
vegetation in Australian cities, over time, are strongly influenced by socio-economic factors. 
Residents in more privileged neighbourhoods, of higher income and low unemployment, 
have been advantaged by increases in leafiness of streetscapes in six Australian cities over the 
50 years since 1961 (Kirkpatrick, et al., 2011). Likewise, tree cover on both public parkland 
and private property in Brisbane was strongly and positively related to socio-economic 
advantage (Shanahan, et al., 2014). Wealthy people have the capacity to move to leafier 
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suburbs and invest in greening (Luck, et al., 2009) and those with higher education levels 
tend to have a greater understanding and appreciation of vegetation and hence choose to live 
in leafier suburbs (Kendal, et al., 2012). Yet Kirkpatrick et al (2012) reported the existence of 
a spectrum of positive to negative “attitude syndromes”, related to trees among residents of 
eastern Australian cities, which also influence urban tree cover and composition.  
The many environmental, social and economic benefits and functions of the urban trees 
growing closest to residents of Australian cities, are beginning to be recognized (Ely, 2010; 
Moore, 2009). However, they have seldom been quantified or valued (Amati, et al., 2013; 
Ark, 2014; Dobbs, et al., 2014; Pandit, et al., 2014; Pandit, et al., 2013) beyond rough 
estimates inferred from studies elsewhere (Killicoat, et al., 2002; Moore, 2009; Stringer, 
2007; Moore, 2011). Urban tree managers are looking to the Australian version of i-Tree 
software (Arboriculture Australia, 2013; Fairman, et al., 2010; NGIA, 2015) as an UF 
valuation tool to help apply the multiple values and benefit/cost scenarios to investment and 
decision-making for street and park tree assets (Davison and Kirkpatrick, 2014). Inferred 
estimates and those based on generic relationships between tree cover and ES often fall short 
of the rigor required to justify ongoing investment in an increasingly competitive funding 
environment.  
4.1.2 Property tax in the study area 
Property tax revenues in the study area include “rates” levied on property owners by BCC 
and “stamp duties” levied on property buyers by the state government. In 2010 residential 
property rates for single dwellings were calculated from the product of a Council approved 
rating differential and an estimate of the unimproved value of the land. Unimproved land 
values are reviewed annually by the state government using vacant land and other property 
sales data. Trees are considered as a negative rather than improvement factor in valuations, 
where costs of clearing of vegetation would be required to prepare it for development . 
Council reported $AU 588 million in general rates revenue for the financial year 2009-2010. 
Stamp duties are collected at the state government level by all Australian states and territories 
based on the purchase price of the property (Queensland Government 2013) and may include 
concessions for first home buyers and home owner occupancy.   
 
4.2.  Data and Methods 
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4.2.1 Local hedonic model  
A variety of techniques have been used to estimate the value of environmental goods and 
their services that are not traded on traditional markets. The hedonic pricing technique has 
become widely used in the study of ES of UFs and greenspace (Chen and Jim, 2008; Roy, et 
al., 2012; Saphores and Li, 2012). Hedonic pricing is based on the assumption that people 
choose their consumption of environmental qualities through their selection of a private- 
good consumption bundle (Freeman III, et al., 2014) such as the purchase price of a house. 
Residential housing prices, as bundles of goods (and the dependent variable in a regression 
model) can therefore be broken down into both valued private goods, such as bedrooms and 
garage spaces, and valued public goods, such as leafy streets (the explanatory or independent 
variables in a regression model). Significant explanatory variables in hedonic price models 
reveal a marginal implicit price (or hedonic price) that represents home-buyers willingness to 
pay for an incremental increase in that component and may be positive or negative. Revealed 
preferences from hedonic price models provide a local valuation for comparison with local 
costs and with similar studies in other cities (McPherson, et al., 1999; McPherson, et al., 
2005; Sander, et al., 2010; Conway, et al., 2010; Glaesener and Caruso, 2015; Kong, et al., 
2007; Melichar, et al., 2009; Pandit, et al., 2014; Payton, et al., 2008; Tyrväinen, 1997). Even 
though home-buyers are a subset of the broader community, hedonic price models also 
provide insights about the distribution of environmental qualities across urban areas and the 
relationship between these services and other neighbourhood characteristics that are equally 
important to UF planning.  
Hedonic models also have limitations, including the assumption that house prices reflect an 
equilibrium condition (Baranzini, 2008; Farber, et al., 2002). All home-buyers in the study 
are, at a particular time period, assumed to have been offered a “supermarket of shopping 
trolleys” priced by the market, filled to various levels with structural, neighbourhood and 
environmental characteristics and have made their choice by the location of their preferred 
trolley (Freeman III, et al., 2014). While the hedonic price model is well suited to this study 
because of the availability of high resolution tree cover data (Saphores and Li, 2012) and 
other “desk-top” sources of structural and neighbourhood characteristics, not every 
characteristic in the “shopping trolley” can be measured. Accounting for omitted variables, 
spatial dependence, collinearity and further assumptions of the modelling technique, relevant 
to this study, are outlined in the data preparation and statistical analysis sections of this paper. 
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Finally, it is important to note that variables found to contribute significantly to explaining 
variation in a sample of house sale prices reveal correlation not causation.  
 
4.2.2  Variable generation  
4.2.2.1 House, property and suburb variables 
The sale price of 2,774 single residential property transfers (House sales) between 2008 and 
2010, inclusive, were identified within 80 sample sites (Figures 4-1, 4-2 and Figure 4-3). 
Details about numbers of bedrooms, bathrooms and garage space house attributes were 
available for 2,294 of the house sales from RP Data. Limited data was available about the age 
of each house sold in the sample areas between 2008 and 2010, therefore approximate age of 
the suburb (Queensland Places, 2013) was used as a proxy. Other suburb attributes included 
household income (the proportion of households in the upper quartile of income - greater than 
$2,000 per week, from Census 2011-SLA scale), and household education ( the proportion of 
households identifying as Year 12 completion level – 2011 Census-SLA scale) and distance 
from the CBD (Translink zone numbers). SLAs in the 2011 Census, were not the same as 
suburbs defined by postcode. Data from suburbs in the sample with no matching SLA were 
Shorncliffe, Gordon Park, Forest Lake and Sinnamon Park. Values for these suburbs were 
inferred from neighbouring suburbs or suburbs of similar estimated age and demographics. 
Property location variables included Euclidean distances to the nearest park, major road, 
shops (defined as “MP4” in City Plan 2000) and heavy industry calculated using ArcGIS.   
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Figure 4-1 Location of the 80 sample areas within residential suburbs of the Brisbane local 
government area. 
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Figure 4-2 Location of house sales sites within sample areas within the red polygon in Figure 
4-1 
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Figure 4-3 House sale sites (shown in orange boundaries) within one sample area (pink 
boundary) 
 
 
 
 
F 
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4.2.2.2 Tree variables 
The range and units of measure of tree attributes chosen for this study were similar to those 
used in studies that have investigated effects of tree cover both on the property and nearby 
(Donovan and Butry, 2010; Pandit, et al., 2014; Sander, et al., 2010).  Rather than square 
metres of tree canopy cover, or numbers of trees, percentage tree canopy cover was 
deliberately chosen to align with the measures used in Brisbane’s pathway tree shade targets 
(Brisbane City Council 2013) and to avoid variation in canopy area related solely to variation 
in the area of available land within a property, park or footpath (Pandit, et al., 2013).  
Measures of tree canopy cover for each of the seven tree cover variables were calculated 
using Brisbane’s city-wide “Tree Cover 2010” data.  “Tree Cover 2010” is remotely sensed 
tree foliage cover data at two metre pixel resolution obtained from analysis of South East 
Queensland LiDAR aerial imagery acquired by the Department of Environment and Resource 
Management (DERM) between March and June 2009, integrated with hyperspectral 
WorldView 2 satellite imagery, acquired by BCC between 22 March and 21 June 2010 from 
Digital Globe (Arroyo, et al., 2010).  The centre-point along the street frontage boundary was 
used to create 30 and 100 metre buffers surrounding the property sales site (Figure 4-4). Tree 
canopy cover was measured on the private property, in the nearest public park, on the public 
footpath frontage of the property and on nearby footpaths and neighbouring private properties 
within 30 and 100 metres from the property, excluding the footpath frontage, within each of 
the 80 sample areas.  
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Figure 4-4 Buffer areas surrounding each house sale site, used to measure proximity to tree 
cover. 
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In addition, a number of street tree attributes, collected in a field survey in 2010-2011, were 
available. As outlined in above in Section 3.3, field inventory data was collected for (up to 
two kilometres) of street within each sample area. Data was available for 459 property sale 
sites that had one or more street trees on the adjacent frontage, and 1,882 properties that had 
at least one field inventoried street tree within 100 metres of the property sale site, as shown 
in Figure 4-5. Street tree attributes investigated in separate regressions in this study included 
number of trees, presence of powerlines, type of tree, species richness and diversity 
(Shannon-Weiner index), tree condition, height and tree age.  
 
Figure 4-5 Field inventoried street trees (red dots) within 100 metres (yellow shaded 
footpaths) of one of the 1,882 house sales (red polygon) used to explore effects of street tree 
attributes on house sale price. 
 
Summary statistics of the dependent and independent variables used in the base and tree 
cover hedonic price models are shown in Table 4-1 and those used in street tree feature 
analyses in Table 4-2. 
Functional form choices and variable transformations are described in the following section. 
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Table 4-1 Summary of  price, house, property, suburb and tree cover variables. 
 
 
 
  
Variable Mean Median St. Dev. Minimum Maximum
599090 530000 297999 105000 3800000
13.216 13.18 0.397 11.56 15.15
29-Jul-09 25-Aug-09 3-Jan-08 23-Dec-10
3.44 3 0.806 1 7
1.7 2 0.73 0 6
1.5 2 0.84 0 6
580.56 596 222.63 108 3064
195.08 168.61 134.2 3 813
44113 10088 93451 112 918680
59.27 50 34.9 5 135
10.32 9.8 5.89 0.7 26.2
50.29 50.3 9.5 26.1 80.1
3.3 3 1.254 1 5
1.103 0.914 0.84 0 4.73
7.54 6.828 3.688 0 26.188
0.668 0.492 0.666 0.017 3.485
28.54% 27.45% 16.99% 0% 94%
23.10% 22.19% 10.80% 0.58% 77.16%
28.44% 28.47% 8.60% 4.78% 60.37%
29.91% 21.74% 29.72% 0% 100%
30.94% 28.95% 17.88% 0% 93.33%
31.96% 31.71% 12.13% 3.06% 75.76%
House variables
Dependent variable
Sale price ($AU)
Ln Sale Price
Transfer date 
Independent/explanatory variables
Distance to city centre (Translink Code)
Number of bedrooms
Number of bathrooms
Number of garage spaces
Property variables
Lot size (metres2)
Distance to nearest park (metres)
Size of nearest park (metres 2)
Suburb variables
Suburb Housing age (years) 
% Household income top quartile
% Yr 12 education level
% tree cover within 100 m of property
% street tree canopy at frontage
% street tree canopy within 30 m
% street tree canopy within 100 m
Distance to shops (kilometres)
Distance to Heavy Industry (kilometres)
Distance to Arterial road (kilometres)
Tree cover variables
% tree cover on property
% tree cover within 30 m of property
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Table 4-2 Summary of  price, house, property, suburb and street tree feature variables for two 
additional datasets – 459 house sales with ground survey data about the street trees on the 
front footpath and 1882 house sales with ground survey data about street trees within 100 m 
of the house sale site. 
 
House sale price (n=459 house sales) (n=1882 house sales) 
 Front footpath  
of house sale site 
 
Nearby footpaths  
within 100 metres of 
the house sale site 
 
Median sale price ($) 
 
513,500 
 
525,000 
   
House variables   
Average Number of bedrooms 3.44 3.45 
Average number of bathrooms 1.64 1.70 
Average number of garages 1.50 1.53 
   
Property variables   
Average Lot size (metres
2) 
618.44 582.19 
Average Distance to nearest park (metres) 181.01 194.09 
   
Suburb variables   
% house sales in prewar suburbs 35.07 23.9 
% house sales in postwar suburbs 45.1 60.2 
% household income, upper quartile 9.71 10.08 
% Yr 12 education level in suburb 49.0 49.0 
Distance to CBD (Translink zone) 3.49 3.350 
   
Street tree features   
Average tree height (metres) 5.76 5.55 
% properties powerline constrained 30.24 - 
% properties with trees poor health 5.87 - 
% properties with trees good health 26.63 - 
% properties with Mature+aged trees 28.35 27.66 
% properties with Maturing aged trees 58.20 55.47 
% properties with New+Juvenile trees 13.45 16.87 
Av. Number footpath trees 1.42 17.09 
Species richness (number of species) - 5.85 
Species diversity (Shannon-Weiner) - 1.30 
 
 
4.2.3 Data preparation 
Results of descriptive statistics analyses using SPSS v21, were used to check data accuracy, 
normality of the dependent variable, identification of extreme outliers and tests for 
multicollinearity using Pearson’s bivariate correlations, tolerance and Variance Inflation 
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Factor (VIF) calculations. Tolerance testing explores the relationship of each independent 
variable with the dependent variable compared to the relationship of the aggregation of the 
balance of independent variables with the dependent variable.  Tolerance values of 0.1 or less 
indicate collinearity. VIF similarly explores each independent variable but examines the 
inflation of the variance outcomes, with and without each variable. VIF values of greater than 
5 are considered symptomatic of multicollinearity. 
Some data inaccuracies were detected from the descriptive statistics, including a house sales 
price of $15,000 and a house sale in 2002. Some outlying data values were also obvious in 
the frequency distributions of the variables and scatterplots of independent variables against 
the dependent variable. In total, 37 outliers were removed after confirmation from case wise 
diagnostics. They included six house sales where the nearest park was Tinchi Tamba 
parklands covering more than 184 hectares. 
Prior to running the base OLS model, collinearity (strongest correlations) was tested using 
Pearson’s bivariate correlation coefficients.  No serious collinearity of independent variables 
were observed, other than expected correlations between numbers of bedrooms, bathrooms 
and garage spaces, and between neighbourhood variables such as distance of the suburb from 
the CBD, age of suburb, household income and education level of the suburb.  Tolerance test 
results ranged from 0.261 to 0.962, and none of the variance inflation factors (VIF) test 
results exceeded 5 (ranging from 1.039 to 3.829). Whilst socioeconomic variables are often 
composites of similar factors, each of these variables has been included in other studies and 
was included here.  Scatterplots, histograms and P-P plots of standardized residuals (see 
Appendix III) found that the observed versus predicted values of the model were normally 
distributed, without any obvious heteroscedasticity. However, Heteroskedastic-White 
standard errors (HCSE) were calculated using Hayes and Cai (2007) SPSS macro, to ensure 
inferences from the OLS model were valid even if heteroscedasticity was present.   
Transformation of house sale price to natural log of price corrected for positive skewness in 
the distribution of the house sale prices. Skewness and kurtosis was tested, using 
Kolmogorov Smirnov and Shapiro-Wilk tests in SPSS v21, for all continuous independent 
variables and not found to be significant. 
To control for expected variation in house sales prices between years, two dummy variables 
(D_2009, D_2010) were used to capture house sale price changes between 2008, 2009 and 
2010 not due to any other variables included in the model.  Two other dummy variables were 
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used to account for house sale price changes in Pre and Post-War suburbs compared to sales 
in Modern and Inter War suburbs.  In the tree effects OLS model, distance to the nearest park 
and tree cover within the property, on the front footpath and nearby the property were also 
converted to dummy variables to reveal expected non-linear variations in the effects of these 
variables at different thresholds of proximity and amount of tree cover respectively. 
Likewise, a range of dummy variables was also used in the street tree feature models to 
reveal the effect of paired scenarios of tree age category, tree health, tree type and levels of 
species richness.  
A small but significant level of correlation (ranging from 0.044 to 0.126 – see Appendix IIa) 
was found between socio-economic characteristics of the suburb and tree cover in the sample 
of house sales. This study used interactive variables to investigate if the socio-economic 
characteristics of the suburb translated to changes in home-buyers preferences for leafy 
streets. Dummy variables for household income, education and Socio-economic Index for 
Areas (SEIFA) of suburbs were multiplied by tree cover on the footpath within 100 metres of 
the house sale to create additional interactive variables to compare the effect of these variable 
combinations with the effects of the individual variables on house sale price. SEIFA is a 
combination of indices that summarise the relative level of socio-economic advantage and 
disadvantage of locations based on a range of census characteristics (Australian Bureau of 
Statistics, 2011). The index is derived from a combination of attributes such as income, 
educational attainment, unemployment, and occupations.  
4.3 Statistical analysis 
Two stages of statistical analyses unpacked the effects of explanatory variables on house sale 
prices within the three datasets. The relationship between these stages, the datasets and 
modelling equations is summarised in Figure 4-6. 
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Nearby SAR (9) 
Stage 1 analysis  
(Base) 
House, Property, Suburb 
variables 
Stage 2 analyses  
(Tree Effects) 
House, Property, Suburb 
and Tree Variables 
Tree Cover OLS   (2) 
continuous variables 
Footpath Tree Cover 
Interactive OLS    (4) 
Street tree features 
Base OLS model   (1) 
Tree Cover OLS dummy 
variables               (3) 
Tree cover 
Significant Tree Cover SEM   
  (5) 
Significant Tree Cover SAR   
  (6) 
On the frontage OLS (7) 
Nearby OLS   (8) 
Figure 4-6 Relationship between analysis stages, data sets and modelling equations 
(numbered in brackets). 
orange shading = the 2299 house sale data set; blue shading = 459 house sales 
with street tree feature data for frontage; purple shading = 1882 house sales with 
feature data for nearby street trees 
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4.3.1  Marginal implicit pricing 
The effect of trees on house sale prices in Brisbane was first examined using ordinary least 
squares linear regression (OLS) in SPSS-Version 21. However, the spatial nature of 
residential datasets often leads to two types of spatial autocorrelation in hedonic price models 
- spatial error and spatial lag (Anselin and Bera, 1998; Conway, et al., 2010; Freeman III, et 
al., 2014; LeSage and Pace, 2009; Taylor, 2003) beyond the submarket heterogeneity already 
acknowledged by using dummy variables for the year of sale (Moran, 1948).   
Firstly, while several location variables were included in this study, not all location effects 
can ever be measured and those included may interact with each other, reducing the 
randomness of the error term of OLS models, resulting in bias or imprecision of the 
explanatory powers of variables of interest (Anselin and Bera, 1998). Spatially correlated 
omitted variable effects are termed spatial error. Secondly, functional relationships in the 
dependent variable among neighbouring properties are referred to as spatial lag (LeSage and 
Pace, 2009).  
There are two approaches to choosing the most appropriate spatial model specification.  The 
first involves statistical tests, namely the Lagrange Multiplier test (LM-test), which 
“generalize those proposed by Burridge (1980) and Anselin (1988) and the robust LM-tests 
proposed by Anselin et al. (1996) from a cross-sectional setting to a spatial multi-
observational setting. This generalization is based on Elhorst (2010a).” (Elhorst 2014, pg. 
390). The second consists of testing the results of different types of spatial models against 
each other. Given the statistical testing approach is used to simply discriminate between 
spatial error and spatial lag model specifications (Anselin and Bera, 1998), this study used 
separate analyses of both models in the Spatial Econometrics Toolbox in Matlab®. The 
structure of the spatial autocorrelation in the OLS residuals was explored to determine the 
suitable alternate model specification to account for these effects. Two models, with the same 
spatial weight matrix, were tested and parameters determined by maximum likelihood 
estimation - a spatial error model (SEM) and a spatial autoregressive model with spatial lags 
of the dependent variable (SAR). The spatial Durbin model (SDM), which accounts for 
spatial dependence amongst the explanatory variables in addition to the spatial lag, was 
considered inappropriate given that four of the explanatory variables are already locational. 
First, the log transformed house sale price was regressed against house, property and suburb 
variables to develop a base OLS model, represented in equation (1). It was expected that all 
81 
 
house, property and suburb variables except distance to the nearest park, and distance to the 
city centre would have a positive relationship to house price.   
ln Pi (House Sale Price) = β0 + +β1Hi + β2Li + β3Si + δDSaleYr + δDEra + δDPark 
proximity + εi 
(Base Model + Year of Transfer, Suburb Era, Park proximity Dummy variables)  (1)
  
Dependent variable, ln Pi, represents natural log of the sale price of the property i, Hi is a 
vector of attributes of the house at property i, including number of bedrooms, bathrooms and 
garage spaces, Li is a vector of attributes of the land/property including size of the property, 
and size of the nearest park, Si is a vector of attributes of the suburb in which property i is 
located, including average household income, and education level, and distance of the suburb 
from the Brisbane CBD, three dummy variables represented the effect of year of sale, 
DSaleYr, intervals of proximity to the nearest park, DPark proximity and two eras of suburb 
age, Pre-War and Post-War compared to Interwar and Modern, with β0 as the intercept and εi 
the error term. 
The second stage of regression analysis explored the effect of tree cover and features of street 
trees by adding these variables to the significant house, property, suburb and dummy 
variables of the base OLS model, represented in equation (2).   
ln Pi (House Sale Price) =  β0 + + β1Hi + β2Li + β3Si + β4Ti + δDSaleYr + δDEra + 
δDPark_prox + εi 
(Tree Effects Model)   (2) 
Where Ti is a vector of attributes of trees, including tree cover on the property, tree cover 
nearby the property and street tree cover, diversity, age and size on the front footpath and on 
nearby footpaths. 
It was expected that the models would confirm a valid and positive relationship between the 
sample data of street tree cover and higher house sales prices irrespective of whether the trees 
were on the frontage, within 30 m or within 100 m of the property. It was also expected that 
in Brisbane, tree cover in neighbouring properties, including both 30 m and 100 m from the 
property, would have a positive effect on house sale price, whilst tree cover on the property 
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itself may not. Preferences for less diverse, aged and smaller street tree species were also 
expected. 
Effects may vary depending on the amount of tree cover.  Tree cover on properties in two 
counties of Minnesota decreased home sale price up to around 23 per cent tree cover and 
thereafter increased home sale prices, and increases in tree cover within a 250 m buffer 
increased home price up to the 60 per cent tree cover level, but then decreased at higher tree 
cover levels (Sander et al. 2010). In contrast, house sale prices in an extensive Portland study 
were maximised when on-property tree coverage was three percentage points less than the 
study area average (Drake-McLaughlin and Netusil, 2010). Dummy variables were allocated 
for increments in tree cover for the tree variables to test for such effects in Brisbane. 
Increments were chosen which reflected the frequency distribution of the tree cover variables 
in the study sample and the footpath tree cover target in Brisbane. 
ln Pi (House Sale Price) =  β0 + + β1Hi + β2Li + β3Si + δDSaleYr + δDEra + 
δDPark_prox + δDTree + εi 
(Tree Cover Dummy Effects Model)   (3) 
Several of the tree variables captured some portion of the same tree cover and were therefore 
run in separate regressions within the development of the stage two models. Strong 
correlations were also found between some tree cover variables, which reinforced the 
iterative entry approach to the stage two analyses. 
Analysis of the interactions between home-buyers preferences for leafy streets and socio-
economic characteristics of the suburb, were represented by equation (4) for interactive 
variables analysis 
ln Pi (House Sale Price) = α + βX {δ𝐷𝑆𝑎𝑙𝑒𝑌𝑟 +  δ𝐷𝐸𝑟𝑎 +  δ𝐷𝑃𝑎𝑟𝑘_𝑝𝑟𝑜𝑥 +  𝛿𝐷𝑆𝑜𝑐𝑖𝑜 − 𝑒𝑐𝑜𝑛 + β1𝑯𝒊 +
 β2𝑳𝒊 +  β3𝑺𝒊 +  β4𝑻𝒊} + γ(FPath tree cover100 X DSocio-econ) + εi 
(Footpath tree cover interaction with socio-economics of suburb Model)  (4) 
where X is the vector of the significant house, property, suburb and tree dummy variables of 
the base OLS model, and γ is the change in scale of the effect of footpath tree cover in 
suburbs of socio-economic advantage. 
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The two alternate spatial models tested in this study are represented by equations (5) and (6). 
In matrix form, 
ln P (House Sale Price) = βX + λW + u 
Spatial error tree cover model (SEM)  (5) 
u is vector of spatially uncorrelated disturbance terms, β is the vector of the coefficients of 
independent variables X, λ is spatial autocorrelation/error coefficient and W is the spatial 
weights matrix. 
y = βXD + ρWy + ε 
Spatial autoregressive lag tree cover model (SAR)   (6) 
y is the vector of lnP, β is the vector of independent variables XD and ρ is spatial 
autoregressive parameter, or strength of the spatial lag dependence. 
The stratified plot design of the sample data was taken into account in the construction of the 
spatial weight matrix to represent the spatial lag relationship in house price responses among 
neighbouring properties. Six nearest neighbours, rather than twelve, were used to avoid the 
potential of neighbours from non-neighbouring sample plots misrepresenting the 
specification. 
Separate models were run for the two street tree feature data sets using those house, property 
and suburb variables found to be significant in the stage two models. The effect of features of 
trees on the front footpath were tested first (7) and those features found to be significant were 
also tested for street trees nearby using OLS (8), SEM and SAR modelling. 
ln Pi (House Sale Price) =  β0 + + β1Hi# + β2Li #+ β3Si# + β4FTFi + εi 
Features of trees on frontage model (OLS)  (7) 
Where FTFi is the vector of street tree type, health, age and size on the front footpath. 
ln Pi (House Sale Price) =  β0 + + β1Hi# + β2Li #+ β3Si# + β4FTNi + εi 
Features of street trees nearby model (OLS)  (8) 
Where FTNi is the vector of street tree diversity, age and size on footpath up to 100m nearby 
house sales. 
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y = βX* + ρWy + ε 
Spatial autoregressive lag tree features model (SAR) (9) 
y is the vector of lnP, β is the vector of the direct effects of independent variables X*, ρ is 
spatial autoregressive parameter and W is the spatial weights matrix. 
 
4.3.2 Property value estimates 
Estimation of the range of annual property value benefits of streets trees in 2010 were derived 
from the spatial (tree effect) model outcomes for 35 per cent footpath tree cover (the mean 
footpath tree cover in residential Brisbane in 2010), for houses within 200m of a park, in pre-
war and post-war suburbs, in the year 2010, using means of the other significant explanatory 
variables, multiplied by the total number of house sales in Brisbane in 2010 (15,777).  This 
estimate represents an annual realised value of street trees, reflected in house purchase 
behaviour. 
The annual property value benefit estimate was compared with annual street tree management 
costs in 2009-10. Management costs included 2009-10 budget allocations for street tree 
planting and maintenance plus street tree-related insurance claim expenditure (Brisbane City 
Council, 2013). A similar method was applied to estimate a monetary value of street trees in 
Portland (Donovan and Butry 2010).   
The flow-on effect of property value benefits to estimated municipal annual rates and state 
stamp duty tax revenues were calculated to assess the extent to which street trees are 
providing returns on investment in property values alone. Rates revenue estimates were based 
on the 269,880 single dwellings in the Brisbane LGA reported in the Australian Census 2011 
(ABS 2011), and the proportion of property value estimated by Rambaldi et al. (2011) to be 
site/land value rather than structure/other values (66 per cent), then applied to BCC 2009-
2010 differential general rates index for residential single dwellings of 0.2978 cents on the 
dollar. Income to the state government as stamp duty revenues from the portion of the 15,777 
house sale prices attributed to street trees in 2010 were estimated using the Queensland 
Stamp Duty Calculator (Queensland Treasury 2013) including its assumptions about the 
proportion of first home buyers. 
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4.3.3 Street tree management costs 
 
Costs of street tree management activities for the financial year 2009-10, including planting, 
early care, maintenance, removal, disposal, inspections and costs of successful insurance 
claims for personal and property damage by street trees, were obtained from BCC. The 2009-
10 costs aligned with the year of the sample survey and the citywide tree cover data 
collection and costs were typical of street tree management costs for a moderate growth, 
storm season and budget year for Brisbane City Council. In contrast, 2010-11, included a 
major flood in 2011 which would have impacted significantly on street tree expenditure and 
insurance claim costs.  
 
Table 4-3 Summary of Brisbane City Council street tree management costs in F/Y 2009-10 
 
Brisbane City Council street tree management costs 2009-
2010 
Management activity Cost ($) 
Planting 
(1) 
1,724,238 
  
Maintenance
(2) 
10,061,500 
  
Insurance claims 
(3) 
1,223,217 
  
TOTAL  13,008,955 
(1)
Planting- including request, programmed and project; 
(2)
Maintenance - including establishment, pruning, removal, 
inspection, disease management, research/monitoring;
 (3
Insurance claims - including cost of approved claims for damage to 
property or person by street and park trees, mostly trips and falls relating to tree roots, and tree branch failures or protruding 
branches damaging vehicles.(BCC 2013) 
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4.4 Results  
As shown in Tables 4-1 and 4-2, the hedonic price models in this study were supported by a 
rich data set of house sales in 80 sample sites with a range of lot sizes, located in suburbs 
with a broad range of age of development, household income, education, and distance from 
the CBD. On average, houses in the sample had 3.4 bedrooms, 1.7 bathrooms and 1.5 garage 
spaces, were around 200m from the nearest park, with a median sale price of $530,000.  
Beyond expected correlations between house, property and suburb variables and sale price, of 
particular interest in this study was the positive correlations between property size, age, 
household income and education level of the suburb and tree cover on and nearby the 
property. Property area was significantly correlated with tree cover on the property (0.201 
Pearson correlation coefficient, significant at 0.01 level in 2-tailed test), tree cover on the 
footpath was  positively related to suburb age, income and education levels (0.093, 0.074, 
0.074 - Pearson correlation coefficients, significant at 0.01 level in 2-tailed test, respectively) 
and negatively related to distance of the suburb from the CBD (- 0.220 - Pearson correlation 
coefficient, significant at 0.01 level in 2-tailed test ) 
The base OLS model of house, property and suburb attributes explained 65.9 per cent of the 
variance (HCSE adjusted variance) in house sale prices. As expected, home buyers are 
willing to pay a premium for houses with more bathrooms, located in older suburbs, less than 
200 m from a park. Houses closer to shops sold for a higher price, however the effect was not 
significant, whereas, as expected, proximity to a busy road had the opposite effect, and was 
significant in this sample. The size of the house, indicated by the number of bathrooms, 
bedrooms and garage spaces, was also of much greater value than the size of the property. 
The results also confirm that in suburbs where residents have higher household income and 
education level, houses sell for higher prices. Median house price in 2010 was $40,000 higher 
than 2008 and $52,500 higher than 2009. The significant and positive coefficient for house 
sales in 2010, compared to these two previous years, confirms the alignment of this sample 
with annual variation in city-wide house sales in Brisbane between 2008 and 2010.   
 
4.4.1 Effect of tree cover on house sale price 
As shown in Table 4.1, houses sold between 2008 and 2010 within the 80 sample sites of this 
study had a broad range of tree canopy cover on public and private land, within and nearby 
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the property. On average, tree canopy covered 28.5 per cent of the land area within 
properties, slightly less of the land area within 30m of the property and similar tree cover in 
the land area within 100 m of the property. Mean tree cover on the front footpath was 29.9 
per cent, yet almost 800 properties in the sample had no trees on front footpath. Footpath tree 
cover within 30 m and 100 m of the property averaged 30.9 per cent and 31.9 per cent of 
footpath land areas respectively. 
Table 4-4 is a summary of Stage 1 and Stage 2 tree cover OLS models. Only two of the six 
tree cover variables, had significant effects on house sales price - tree cover on the property 
(p value = 0.001) and tree cover on the footpath within 100 m of the property (p value = 
0.01). Tree cover variables explained no more of the variance than the base OLS house, 
property and suburb model, yet were significant components of the “shopping trolley” of 
characteristics attracting premiums on house sales price. Using only variables found to be 
significant in the OLS regressions, both spatial models were a better fit to the sample data, 
with highly significant model coefficients (p values 0.001), indicating the presence of spatial 
dependence (Table 4-5).  
Tree cover on the property was found to have a negative effect on sale price (Coefficient -
0.0014), while controlling for the effects of house, land and suburb variables.  However, 
when tree cover on the property was less than 20 per cent, the effect changed to be significant 
and positive (Coefficient 0.0478, p value = 0.001). These results are consistent with those 
found by Pandit et al. (2013) and Saphores and Li (2012), and thresholds found by Drake-
McLaughlin and Netusil et al. (2008) and Francois et al. (2002) and yet opposite to Sander et 
al. (2010) who found a significant positive effect of parcel level tree cover only when tree 
cover was greater than 23 per cent and others who found consistently positive effects of tree 
cover on house lots (Dombrow, et al., 2000; Donovan and Butry, 2010; Morales, 1980). 
Tree cover on footpaths up to 100m away from the house had a small, positive and significant 
(at p-value = 0.007) effect on sale prices in the SAR model yet direct effects in the SEM 
model were not significant at p-value < 0.1. However, the SEM model coefficient is highly 
significant, indicating there is not enough empirical evidence to conclude that footpath tree 
cover, at p-value = 0.11, could not be contributing to the explanatory power of this model. 
This level is too close to a standard significance to discard, when model specification and 
sampling error can account for a significance at the margins of the standard 10% probability 
threshold. Model intercepts, coefficients (SEM) and direct effects (SAR) for other 
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explanatory variables remained consistent between the spatial models and the OLS, also 
suggesting a level of robustness in the models.  
Marginal implicit pricing of footpath tree cover and associated calculation of monetary 
values, were therefore reported as the range derived from the SEM coefficient and the direct 
effects from the SAR model. In this way the estimated values account for both spatial 
dependence in the error terms and the indirect effects from the six nearest neighbouring 
property sale prices (LeSage and Pace, 2009).  
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Table 4-4 OLS Tree cover model results. 
 
  
Tree Cover OLS (2) Tree Dummies OLS (3) Footpath Tree Cover Interactive OLS (4)
Variable Coeff HCSE Prob Coeff HCSE Prob Coeff HCSE Prob Coeff HCSE Prob Coeff HCSE Prob
Intercept 11.9390 0.0818 *** 12.208 0.0673 *** 12.3836 0.0825 *** 12.515 0.0537 *** 12.915 0.0488 ***
D_2009 Yr of sale -0.0183 0.0125 -0.0228 0.013 *
D_2010 yr of sale 0.0333 0.0126 *** 0.0351 0.013 *** 0.0437 0.0103 *** 0.0444 0.0103 *** 0.0457 0.0107 ***
Structure
No. bedrooms 0.0555 0.0096 *** 0.0528 0.0097 *** 0.0535 0.0097 *** 0.0558 0.0097 *** 0.0512 0.01 ***
No. bathrooms 0.1425 0.0108 *** 0.1366 0.0111 *** 0.1513 0.0112 *** 0.1500 0.011 *** 0.1667 0.0115 ***
No. garage spaces 0.0205 0.0067 *** 0.0179 0.0068 *** 0.0233 0.0068 *** 0.0211 0.0068 *** 0.0218 0.007 ***
Land
Lot size 0.0004 0.0000 *** 0.0003 0.0001 *** 0.0003 0.0001 *** 0.0003 0.0001 *** 0.0003 0.0001 ***
D_ < 200m from nearest park -0.0420 0.0119 *** 0.0385 0.0121 *** -0.0513 0.0115 *** -0.0497 0.0114 *** -0.0423 0.0119 ***
D_> 400m from nearest park 0.0236 0.0237 0.0275 0.0254
Suburb
D_Prewar 0.2446 0.0208 *** 0.2413 0.0209 *** 0.2034 0.0220 *** 0.2038 0.021 *** 0.2166 0.0215 ***
D_Postwar 0.0897 0.0144 *** 0.0899 0.0143 *** 0.0208 0.0102 0.023 0.0141 -0.0193 0.0141
Suburb household income 0.0192 0.0016 *** 0.0195 0.0016 *** 0.0195 0.0017 ***
Suburb Education 0.0085 0.0010 *** 0.0081 0.001 *** 0.0072 0.001 ***
Location -distance to CBD -0.0357 0.0086 *** -0.0388 0.0085 *** -0.0853 0.0081 *** -0.078 0.0076 *** -0.129 0.0073 ***
Distance to MP4 0.0168 0.0101 * -0.0048 0.0057
Distance to Arterial -0.0059 0.0057 0.0182 0.0101 * 0.0374 0.0102 *** 0.0148 0.0098 0.0475 0.0088 ***
Tree Cover (continuous vars)
Tree cover on property -0.0014 0.0004 *** -0.0013 0.0003 *** -0.0009 0.0003 *** -0.0010 0.0004 ***
Tree cover on front footpath 0.0001 0.0002
Tree cover within 30m 
property
-0.0007 0.0005
Footpath Tree Cover within 
30m
0.0004 0.0003
Tree cover within 100m of 
property
-0.0006 0.0006
Footpath tree cover within 
100m
0.0010 0.0005 ** 0.0033 0.0007 *** 0.0022 0.0008 *** 0.0016 0.0007 **
Tree Cover (dummy vars)
D_Treecover <20% property 0.0478 0.0147 ***
D_Treecover >30% property -0.001 0.0142
D_Treecover>32<50 front fpath 0.0067 0.0126
D_Treecover>50 fron fpath 0.0042 0.013
D_Tree cover_fpath within 
100m >32<50
-0.0046 0.0109
D_Tree cover_fpath within 
100m >50
0.0505 0.0183 ***
Interactive variables
D_Income X Fpath tree 100m -0.0044 0.0009 ***
D_Educ X Fpath tree 100m -0.0025 0.0009 ***
D_SEIFA X Fpath tree 100m -0.0017 0.0009
Adjusted R 2 0.6590 0.6360 0.6507 0.6515 0.6223
Standard Error of Estimate 0.2319 0.2396
Sum of Sq Residuals 122.5440 130.81
F-stat 234.5270 *** 201.44 *** 238.593 *** 213.07 *** 217.56 ***
n= 2299
run in separate regressions 
Signif. codes *** 0.001, ** 0.01, * 0.05
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Table 4-5 OLS, SEM and SAR model results for significant tree cover variables. 
 
 
 
  
Significant Tree Cover OLS (4) Significant Tree Cover SEM (5) Significant Tree Cover SAR (6)
Variable Coeff SE Prob Coeff SE Prob Direct SE Prob
Intercept 11.9375 0.0819 *** 11.8908 0.0052 *** 11.919 0.0966 ***
D_2009
D_2010 0.0442 0.1012 *** 0.0402 0.0092 *** 0.0447 0.0106 ***
Structure
No. bedrooms 0.0554 0.0079 *** 0.0527 0.0071 *** 0.055 0.0077 ***
No. bathrooms 0.1428 0.0089 *** 0.1222 0.0083 *** 0.1436 0.0089 ***
No. garage spaces 0.0207 0.0059 *** 0.0218 0.0054 *** 0.0208 0.006 ***
Land
Lot size 0.0003 0.0001 *** 0.0004 0.0001 *** 0.0003 0.0001 ***
D_ < 200m from nearest park
-0.0462 0.0109 *** -0.0316 0.0128 *** -0.0460 0.0109 ***
D_> 400m from nearest park
Suburb
D_Prewar 0.2465 0.0214 *** 0.2197 0.0277 *** 0.2452 0.0208 ***
D_Postwar 0.0897 0.0182 *** 0.0875 0.0204 *** 0.0887 0.0179 ***
Suburb household income 0.0193 0.0014 *** 0.0186 0.0021 *** 0.0192 0.0014 ***
Suburb Education 0.0083 0.0009 *** 0.0098 0.0008 *** 0.0083 0.0009 ***
Location -distance to CBD -0.0375 0.009 *** -0.0395 0.0069 ** -0.038 0.0088 ***
Distance to MP4
Distance to Arterial 0.0169 0.0083 * 0.0243 0.0132 * 0.0168 0.0083 **
Tree Cover 
Tree cover on property -0.0013 0.0003 *** -0.0011 0.00031 *** -0.0013 0.0003 ***
Footpath tree cover within 
100m
0.0011 0.000422 *** 0.0008 0.000511 z-
prob
0.110
9
0.0011 0.0004 ***
Adjusted R 2 0.6608 0.713 *** 0.6609 **
Rbarsq 0.6587 0.7113 0.6588
sigma 0.0538 0.0452 0.0534
D-W 1.4394 Log-L 1046.33 Log-L 903.43
n= 2299
Signif. codes *** 0.001, ** 0.01, * 0.05
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Table 4-6 OLS and SAR model results for street tree feature variables 
 
Variable Coeff SE Prob Coeff SE t-value Direct SE t-value
Intercept 11.8939 0.2083 *** 11.8749 0.0908 130.8110 *** 11.8545 0.1093 108.4970 ***
D_2010 0.0573 0.02 *** 0.0458 0.0113 4.0518 *** 0.0464 0.0112 4.1315 ***
Structure
No. bedrooms 0.0447 0.0204 ** 0.0535 0.0087 6.1250 *** 0.0526 0.0082 6.3795 ***
No. bathrooms 0.1437 0.0251 *** 0.1541 0.0099 15.5500 *** 0.1550 0.0098 15.8449 ***
No. garage spaces 0.0052 0.0131 0.0236 0.0066 3.6009 ** 0.0237 0.0065 3.6617 **
Land
Lot size 0.0004 0.0001 *** 0.0004 0.0000 12.8794 *** 0.0003 0.0000 12.8097 ***
D_ < 200m to nearest park -0.0287 0.0217 * -0.0436 0.0120 -3.6369 ** -0.0432 0.0119 -3.6228 **
Suburb
D_Prewar 0.1701 0.0469 *** 0.2419 0.0247 9.7825 *** 0.2406 0.0144 16.7188 ***
D_Postwar 0.0147 0.0396 0.1030 0.0213 4.8392 *** 0.1026 0.0035 29.0914 ***
Suburb household income 0.0184 0.0036 *** 0.0204 0.0016 12.7219 *** 0.0203 0.0014 14.0141 ***
Suburb Education 0.0095 0.0025 *** 0.0086 0.0010 8.7634 *** 0.0086 0.0006 13.8169 ***
Location -distance to CBD -0.0358 0.019 * -0.0338 0.0102 -3.3329 ** -0.0342 0.0080 -4.3023 **
Front Footpath Street Tree Features 
No. of footpath trees -0.0181 0.0184
D_Powerlines 0.0299 0.0281
Hgt tallest tree (m) -0.0041 0.0039
Health D_poor 0.0172 0.0649
Health D_good 0.0074 0.0242
Age D_maturing 0.0028 0.0282
Age D_mature/aged 0.0692 0.0368 *
Species D_medium 0.0155 0.0278
Species D_large 0.0214 0.0304
Age D_mature/aged 0.0327 0.0134 2.4311 ** 0.0328 0.0127 2.5865 **
Age D_new/juvenile -0.0045 0.0120 -0.3793 -0.0049 0.0119 -0.4117
Diversity SW # -0.0001 0.01 -0.0088
Species Richness -0.0050 0.0024 -2.0705 ** -0.0049 0.0024 -2.0886 **
(D_Species richness≤6)## 0.0286 0.0138 2.0644 **
Av_Height -0.0012 0.0021 -0.5792 -0.0013 0.0021 -0.5959
No. of nearby street trees 0.0013 0.0007 1.7783 * 0.0013 0.0007 1.8347 *
Adjusted R 2 0.704 0.6513 0.6514
Standard Error of Estimate 0.2118 0.2324
Sum of Sq Residuals 19.699 100.7160
F-stat 58.376 *** 217.1740 *** * (rho)
* p< 0.1 ** p < 0.05
# Diversity SW and Richness were run in separate regressions
## 6 species  or less  - run in separate regress ion
*** p < 0.01
On the frontage OLS (7) 
OLS
Nearby Footpath Street Tree Features
Footpath nearby (100m)
OLS (8) SAR (9)
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The marginal implicit price for the mean level of 31.9 per cent footpath tree cover within 
100m was $429 to $567, representing a 0.081 per cent- 0.107 per cent premium when 
evaluated at median house price ($530,000) using SEM and SAR model coefficients. When 
evaluated at their respective mean levels of tree cover, there were some similarities to the 
results of studies in Perth (the 0.18 per cent premium found for average 20 per cent tree cover 
on the street verge within 20 m of homes) (Pandit, et al., 2014), Quebec (François, et al., 
2002)( a 0.1 per cent premium for mature tree cover within 100m of homes), Minnesota (the 
0.048 per cent premium for tree cover within 100 m of homes) (Sander, et al., 2010) and Los 
Angeles (Conway, et al., 2010) (0.07 per cent for a collective of greenspace
3
 within 200-300ft 
(60-90m) zone. However, in contrast to the threshold of 44 per cent for the positive effect of 
tree cover within 100 m of house sales in Minnesota counties, houses with greater than 50 per 
cent tree cover on the footpath within 100 m in this study area sold for 5 per cent higher than 
median sale price.  
Home-buyers willingness to pay for leafiness in the street nearby was not consistent across 
the study area. Interactions between footpath tree cover within 100 m and higher than median 
household income and education were significant and positive (Coefficient 0.0044, 0.0025   
respectively, p values = 0.001 and 0.0042 respectively). Home-buyers were WTP between 
$625 and $1,245 higher premiums for a 1 per cent increase in footpath tree cover, for street 
tree cover in socio-economically advantaged neighbourhoods. 
Neither tree cover on neighbouring private properties 30 m and100 m away from the house 
sale, nor tree cover on the front footpath and footpath up to 30m away had a significant effect 
on house sale price.  In contrast, Anderson & Cordell (3-4.5 per cent), Donovan and Butry 
(4.27 per cent), and Pandit (2013) (3 per cent premium) reported positive effects for street 
trees on the frontage.  
Extrapolated to 35 per cent average footpath tree cover in Brisbane in 2010, street trees were 
providing an estimated $AU 26.8 - 28.6 million in property value benefits. That was just over 
twice the $13m total street tree management costs in 2009-2010 (Figure 4-7). This is much 
lower than the 12:1 ratio reported by Donovan and Butry (2012) for Portland’s 236,000 street 
trees, but similar to NYC ‘s 592,130 street trees at 2.43:1 (Peper, et al., 2007). Property value 
benefits of street trees in Brisbane were also more than 15 times greater than their estimated 
                                                 
3
 “Green cover” and “greenspace” in Conway, et al., 2010 study included lawns, landscape areas, sportsfields 
and cemeteries on public and private land. 
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air quality improvement, rainfall interception and carbon storage and sequestration values 
using “i-Tree ECO (Australian Arboriculture 2012).  
The beneficiaries of the property value benefits of street trees were not just property owners. 
An estimated $AU 0.91- 0.96 million worth of annual rates revenue returned to BCC, and an 
estimated $AU 1.01- 1.23 million worth of stamp duty revenue returned to the state 
government in 2009-2010 as a consequence of Brisbane’s leafy streets.  
 
 
 
Figure 4-7 Property value benefits and tax revenues derived from SAR and SEM models and 
compared to costs 
 
4.4.2 Effect of street tree features on house sale price 
Significant house, property and suburb attributes and features of street trees on the frontage 
of house sale sites (Table 4-6) explained 70.4 per cent of the variance in house sale prices. 
However only the age of street trees, in particular, mature and aged street trees, were 
significant at p< 0.1. Neither tree height, condition, presence of powerlines, types of street 
trees, nor the number of trees on the front footpath had a significant effect on the sale price of 
houses in the study area. The positive and significant effect of tree age was confirmed for 
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street trees within 100 m of houses sales, with home-buyers willing to pay $AU 17,490 (3.3 
per cent) above median house sale price, for houses with nearby mature-aged street trees 
compared to houses near trees of other age groups.  In contrast, species richness was 
significant and negative. Each additional street tree species nearby was equivalent to reducing 
house sale price by 0.5 per cent. It is possible that tree age was capturing some of the effects 
of tree height, yet it should not be assumed that taller trees are preferred. A threshold of six or 
less street tree species growing within 100m of house sales reversed the effect of species 
richness to significant and positive, compared to higher levels of species richness. Such a low 
tolerance amongst home-buyers for species richness and preferences for older street trees is 
discussed in relation to a small number of relevant studies and UF management in section 
4.5.3 
 
4.5 Discussion 
The lack of significant effect of tree cover on nearby private properties and the front footpath 
on house sale prices, yet a willingness to pay a premium for a limited extent of tree cover on 
the property and a small premium for houses in leafier streets in the study area, revealed 
insights about home-buyers preferences for trees in Brisbane.  
 
4.5.1 Preferences for tree cover on the property 
While Brisbane residents have rated the city’s greenspace as one of the most important 
ingredients of their quality of life (BCC 2013), positive effects of tree cover on private 
property, revealed in home-buyers preferences, were limited to no more than 20 per cent tree 
cover on the house site. That was 8.5 percentage points, or 28 per cent, lower than the 
average tree cover on properties in the study sample. The shape of the city is changing 
rapidly to accommodate thousands of new dwellings, especially within existing residential 
suburbs. This study indicates that space for tree cover on private property may be becoming 
too small and too valuable for trees.  Firstly a strong correlation between tree cover on 
property and property size was found in the study area. Secondly, the effect of tree cover on 
the property on house sale price was broadly consistent with studies in Perth (Pandit, et al., 
2014) and Los Angeles (Saphores and Li, 2012) where the high value of available space on 
private property was suggested as a factor (AU$ 981/m
2
 Brisbane, AU$ 1,497/m
2
 Perth, 
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US$735.80/m
2
 - equivalent to AU$682.35/m
2
 Los Angeles).  Negative attitudes such as 
perceived risks, encroachment on solar access or views and disservices such as the 
maintenance burden of trees in close proximity to houses, reported within and outside of 
Australia may be just as relevant in this study area (Camacho-Cervantes, et al., 2014; Fraser 
and Kenney, 2000; Kirkpatrick, et al., 2011; Kirkpatrick, et al., 2012; Lohr, et al., 2004; 
Mansfield, et al., 2005; Morales, 1980; Conway, 2014; Summit and McPherson, 1998; Zhang 
and Zheng, 2011). A threshold of 20 per cent private property tree cover, could therefore also 
be an expression of the perceived balance point between benefits and costs of trees on private 
property in Brisbane in 2010. 
 Perhaps a caveat to the proximity principle of urban greenery (Crompton, 2005) is heralded – 
“not too much and not too close”- similar to variations in revealed preferences found for 
different sizes and types of urban parks (MacDonald, et al., 2010; Mansfield, et al., 2005; 
Troy and Grove, 2008). In the Australian context, urban tree cover on private property is also 
influenced by “attitudinal syndromes” (Kirkpatrick, et al., 2011) the original uses of the land, 
the age of the suburb and the changing lifestyle and aesthetic preferences of owners 
(Kirkpatrick, et al., 2012) who may move to another property up to four times in their 
lifetime (Australian Bureau of Statistics 2015).   
 
4.5.2 Preferences for tree cover on the footpath 
Any of the same factors limiting the positive effects of private tree cover on property values 
may have overflowed to the lack of significant effect of trees on the front footpath observed 
in the OLS house price models. In addition, most residents in Brisbane choose to keep their 
footpath areas tidy even though footpaths, and street trees, are a component of public lands 
for which the municipal authority is responsible. Although the impact of street trees on 
property owners perception of “tidiness” is likely to vary considerably (Lohr, et al., 2004; 
Kirkpatrick, et al., 2012), tree cover out the front of someone else’s property, collectively 
contributing to leafiness of the street, was preferred.  It is also important to note that almost 
one third of properties in the study sample had no street trees on their frontage.  
Unlike studies in Perth and Portland, street trees in Brisbane were preferred by home-buyers 
only when they were growing on footpaths within 100m of the property rather than the front 
footpath. The small, but significant, positive premium paid for nearby footpath tree canopy 
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cover in Brisbane was similar in extent to other studies, in spite of much more street tree 
cover in Brisbane than in those cities (Brisbane average 31.9 per cent, Minnesota average of 
14.5 per cent (Sander, et al., 2010) and Perth average 20.0 per cent (Pandit, et al., 2013)). 
Conway et al. (2010) suggested that the more existing greenspace in a city, the lower the 
premium paid for increments of green cover.  Comparable premiums for much more leafiness 
in streets in Brisbane may have also been influenced by the size of the trees themselves. In 
Brisbane, street trees are predominantly small in size, averaging 5.6 m in height across the 
study area and often constrained by overhead powerlines (Plant and Sipe, unpublished). In 
contrast between 70-80 per cent of street trees in 22 cities in the U.S were found to be taller 
than nine metres (McPherson and Rowntree, 1989) and street tree species planted in Perth are 
predominantly medium and taller ( 8 to 15 metres height) varieties (City of Perth, 2013). 
Other factors such as level of community involvement in the planting, not included in this 
explanatory variable set, and known to influence attitudes and preferences about street trees 
(Donovan, et al., 2011; Gorman, 2004; Lorenzo, et al., 2000; Wachter and Bucchianeri, 
2006), may have also led to the property value response by home-buyers in Brisbane and are 
worthy of further study. 
 
4.5.3 Preferences for features of trees on the footpath 
High levels of species diversity support a greater range of UES and UF resilience (Kendal, et 
al., 2014; Manes, et al., 2014; McPherson and Rowntree, 1989; Richards, 1983). 
Monocultures of street tree species are often poorly suited to heterogeneous footpath 
environments (Miller, et al., 2015). However, some of the most expensive homes in Brisbane 
are adjacent to aged, single species avenues (Figure 4-8).  
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Figure 4-8 Mature aged, monoculture of street trees in a residential Brisbane street 
 
In this study, home-buyers were willing to pay a premium for houses in streets with mature 
and aged street trees and expressed a preference threshold for species diversity within nearby 
streets. Although perhaps signalling links between tree age, neighbourhood age and stability, 
diversity thresholds may reflect a little of the desire for avenue prestige, created two to three 
hundred years ago in Europe (Lawrence, 1993). Home-buyers and residents may also prefer 
order and less diversity in streetscapes in cities, like Brisbane, surrounded by diverse natural 
forests. However, the preference limits in this sample correspond to the average number of 
species found nearby (that is, 5.85 street tree species within 100 m of house sale sites). The 
threshold level is also no less than would be expected where powerline and other constraints 
vary within up to three streets within a 100 m radius. However, there were enough streets 
with more than six different types of street trees to reveal a negative effect of greater levels of 
diversity which sounds an important caution to UF managers. There is likely to be a delicate 
balance between promoting resilient, multipurpose streetscapes and maintaining a sense of 
attachment, order and place which needs to be tested within each community.  
In Brisbane, streetscape design guidelines already promote diversity as a subtropical aesthetic 
within functional need for shade, through a hierarchy of spatial configurations and species 
mixtures (BCC 2014). In Melbourne, once informed about the need and benefits of species 
diversity, communities participate in developing precinct planting strategies that reflect a 
range of local preferences, species suitability, site scale opportunities, landforms and 
character (City of Melbourne, 2015).  
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4.5.4 Property value benefits and beneficiaries of leafy streets 
When translated to an estimate of annual property values, total benefits of the 2010 level of 
footpath tree cover in Brisbane exceeded the annual costs of their planting and management 
by a ratio of 2.06-2.2:10. Even accounting for additional costs, such as footpath and kerbing 
repairs, estimated at up to 25 per cent of annual maintenance expenditures in US cities 
(McPherson and Peper, 1996), but not available in this study, Brisbane’s street trees could be 
said to be “paying their way” in property value benefits alone. Returns to a range of 
beneficiaries highlight opportunities for alternative investment strategies for UF and GI. 
 
4.5.4.1 Returns on investment 
The beneficiaries of the property value premiums of leafy streets, measured in this study, 
included property owners, irrespective of whether they had trees on their own footpath. 
However, the municipal government investor (BCC), was also gaining a return in rates 
revenue of around 8 per cent on total annual investment and the state government was 
gaining around $1 m in annual stamp duty tax revenue for no direct investment in street trees. 
Considered in terms of annual street tree planting and establishment alone, BCC was 
recovering 100 per cent of their annual investment from the property value rates revenue 
benefits of leafy streets in 2010.  
In addition to justifying investments of the past, in terms of ongoing investment, home-
buyers were WTP a much higher premium (5.05 per cent or $29,097 more than median house 
sale price) for 50 per cent or more footpath tree cover within 100 metres of the property. This 
is especially significant to forecast returns and future community engagement strategies of 
Brisbane’s Neighbourhood Shadeways program, which has set a target of 50 per cent 
footpath tree cover by 2031. Brisbane home-buyers may be signalling their support for 
desirable features such as shadier and attractive footpaths and more walkable neighbourhoods 
that come with leafier streets, as suggested by Wachter and Gillen (2006). Leafy streets may 
further increase in value as tree cover on private property decreases (Sander and Zhao, 2015). 
Current and forecast returns highlight the opportunity to encourage partnerships in 
investment in streetscape GI with others who gain from the benefits of greener, more 
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attractive and cooler pathways through improved uptake of active and public transport and 
the associated health and well-being benefits to urban residents (Ely and Pitman, 2014; 
Favelle and Plant, 2009; Sarkar, et al., 2015; Wolf, et al., 2015). For example, it could be 
suggested that if the state government reinvested their annual stamp duty returns from the 
property value benefits of leafy streets in Brisbane, to support grants for Neighbourhood 
Shadeways planting programs along the most shade-hungry walk to school, shops, bus and 
train stations, the LGA could reinvest those savings into the maintenance of the expanding 
street tree population. Likewise, it could be suggested that a greater share of investment in 
streetscape by developers in high growth areas, where property value returns are escalated by 
the larger volume of new dwellings, could allow LGA investment to target shade-hungry 
footpath in areas of lower development activity. If forecast losses of tree cover on private 
property in high growth suburbs of Brisbane are to be compensated to any extent by more 
trees in parks, streets and other local public places, broader investment partnerships and 
community support will be required.  
 
4.5.4.2 Property value benefit inequities 
The issue acknowledged with a property value benefits business case is that it can favour 
greater investment in more socio-economically advantaged suburbs. Socio-demographic 
characteristics can be closely linked to social-psychological values, beliefs and attitudes to 
trees (Ives and Kendal, 2014; Jones, et al., 2012). Residents of socio-economically 
advantaged suburbs are more likely to support and participate in additional street tree 
planting and request street tree maintenance (Kendal, et al., 2012; Krafft and Fryd, 2016; 
Schroeder, et al., 2006). Suburbs with more households in the upper quartile of income and 
secondary education in this study area had significantly more footpath tree cover, for which 
home-buyers were willing or able to pay higher premiums. These results suggest that 
investments of the past have, to some extent, fostered an inequitable distribution of street 
trees in Brisbane and add to the findings of Shanahan et al (2014) about the inequitable 
distribution of tree cover on public parkland and private property across residential Brisbane. 
Similar UF inequities have been reported in other Australian cities, and elsewhere (Donovan, 
et al., 2011; Heynen, et al., 2006; Kendal, et al., 2012; Kirkpatrick, et al., 2011; Landry and 
Chakraborty, 2009; Pedlowski, et al., 2002; Perkins, et al., 2004; Pham, et al., 2013). Street 
tree planting programs in Brisbane have cycled through earliest efforts by particular local 
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councils who recognised leafy streets as desirable, to aggregated Greater Brisbane city-wide 
campaigns (Cole, 1984), to providing free plants for residents who wished to plant on the 
footpath, and then to a combination of request and targeted planting and maintenance (BCC 
2013). If the majority of these street tree requests and local planting campaigns were 
generated from suburbs of higher socio-economic profile, as also suggested by Kirkpatrick et 
al (2011), then inadvertent, inequitable distribution, is not surprising, in spite of the single 
governance agency. Targeting investments in GI to areas of greatest need may seem a more 
suitable strategy than servicing requests from those already benefiting, however even well 
intentioned, small scale urban greening projects in the least green neighbourhoods may drive 
up property prices and rates, displacing the target recipients (Chen and Wang, 2013; Morales, 
1980; Wolch, et al., 2014).   
Another issue is that those residents who live in disadvantaged suburbs may not be receptive 
to tree planting nor the property value benefits message. These residents may dislike trees 
and the imposition of them by government (Braverman, 2008; Dean, 2015). Alternatively, 
they may be more engaged by other benefits such as shading pathway routes to bus stops, or 
the range of recreational opportunities offered by the collective of local greenspaces 
(Glaesener and Caruso, 2015) or planting programs that offer links to cultural values or skill 
development for younger people. Irrespective of location, this study indicates that promoting 
the benefits of leafiness of the street and nearby streets, may be more engaging than focusing 
on the trees on the adjacent footpath.   
Just as the hedonic models of this study and others have been influenced by interactions of 
measurable neighbourhood characteristics and confounded by others, understanding local 
community attitudes, priorities and needs and adapting urban greening programs to the local 
profile is critical to optimising the multiple benefits of GI investments (Camacho-Cervantes, 
et al., 2014; Pham, et al., 2013; Schwab, 2009). Additional valuable social capital services 
can also emerge from adaptive community-government partnerships (Falxa-Raymond, et al., 
2013). A growing body of Australian and international research (Ives and Kendal, 2014; 
Kendal, et al., 2012; Kirkpatrick, et al., 2012; Kirkpatrick, et al., 2013; Krafft and Fryd, 
2016) is exploring this complex web of physical, social, political, cultural and administrative 
factors relevant to UF management, GI implementation and equitable ES provision.  
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4.5.4.3 Improving the accuracy of property value benefit measures in UF valuation 
software 
Most importantly, the Brisbane result was yet another example of the geographic and 
contextual variations in effects of street trees on property values, and an important caution 
against inferring results from one city, or even one neighbourhood within a city (Sander and 
Zhao, 2015), to estimate the property value benefits in another. The “i-Tree Streets” generic 
property value algorithm is currently based a 1988 study result of the effect of front yard trees 
on house sale price (Anderson & Cordell, 1988), then used to derive a rate for property value 
benefits per square metre of street tree canopy, and adjusted only by the number of street 
trees, their estimated annual growth in leaf area and median property price. This approach 
currently fails to account for the variations in effect of street tree diversity or nearby street 
tree cover, nor other house, property and neighbourhood factors, specific to each city. While 
it is empirically sound to develop algorithms from the relationship between leaf area of the 
UF and the biophysical features of a location to measure the avoided costs of regulatory ES 
such as air quality improvement and stormwater runoff reduction, property value benefits, as 
a measure cultural ES, must account for the range of other factors and home-buyer 
preferences revealed in this and similar studies.  
In this case study, “i-Tree Streets” would have overestimated property value benefits4, in 
spite of adjacent street trees not being preferred by home-buyers, and almost one quarter of 
properties not having a street tree out front, simply because of a large overall street tree 
population expanding in leaf area.  Assessment of the property value benefit equation 
relevant to a particular location and time is important for credible and effective business 
cases.  The methods used in this study, in particular, the collection of house sale, property, 
neighbourhood and tree cover data within the same sample areas, for the same time period as 
the structural assessment of the street tree population, suggest an alternative, value-added 
approach. A hedonic price model, rather than a generic algorithm, fed by additional data 
inputs from a study area, could sit within software tools such as “i-Tree”. This “model within 
a model” approach allows simultaneous exploration of local property value benefits, insight 
                                                 
4
 By estimating the annual change in leaf area across the five street tree age classes of data used in this study, 
and applying the i-Tree STREETS algorithm of 0.88% property value improvement for trees of mature age 
category (average 117 square metres of canopy area in Brisbane (ie. an estimated value of $39.86 per square 
metre of leaf area) for those street trees adjacent to house sale sites (ie. 65% of house sale sites), the i-Tree 
STREETS property value estimate would be $AU43.82 million in 2010. 
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into local preferences and other factors influencing street tree distribution, alongside the 
assessment of broader UF structure, needs, other benefits and costs.  
Local values per property, rather than per tree, are also recommended to reduce extrapolation 
inaccuracies. “STRATUM” and “i-Tree streets” use a per tree based algorithm assuming that 
an average of five “intermediate to large” trees in front yards, associated with 3.5-4.5 per cent 
increase in home sales price in Athens, Georgia in 1988, meant that each tree added 0.88 per 
cent to median house sale price, and that the annual increase in leaf area of such an 
“intermediate to large” tree could be equated to a $ value per m2 growth, per tree, irrespective 
of location and local preferences. Local, per property valuation accounts for the nuances of 
local street tree effects on median house sale price, and simply extrapolates to annual 
property value benefits by multiplying the marginal implicit price for the current level of 
street tree cover, by the number of properties in the study area. Annual property tax revenue 
returns would require extrapolation from the number of rateable residential properties and the 
number of house sales in the year of study, depending on the local property tax structure. 
Ongoing advances in the extent and accessibility of information from remote sensing, and on-
line property data sources, makes this adaptation to UF assessment and valuation software 
worthy of further investigation (Ward and Johnson, 2007). Conway and Bourne (2013) set a 
small precedent by used existing UFORE/i-Tree plots and tree data to investigate the effect of 
neighbourhood characteristics on patterns of canopy cover, stem density and species richness 
in Toronto’s UF. “i-Tree” analysis was also incorporated into scenario planning software to 
draw ES into planning practices (Hilde and Paterson, 2014). Incorporating relevant site-
specific field captured nuances and remotely sensed urban forest structure are also important 
for accurate measures of property value benefits (Escobedo, et al., 2015). Cost–effective 
combinations of data collection and assessment that can build an appropriate, local suite of 
evidence and evaluation also make better use of limited available funds.  
 
4.6 Limitations  
Net benefits and returns in the single-dwelling housing market in Brisbane may have 
significantly underestimated the value of street trees in residential areas. Firstly, this study 
not only excluded attached dwellings, like units/apartments, but also rental price premiums, 
both shown to be significant and positive in revealed preference studies elsewhere (Donovan 
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and Butry, 2011; Melichar and Kaprová, 2013). Secondly, this estimate excluded other 
measurable environmental, commercial and social benefits (Tarran, 2009; Wolf, 2007).  
Health and well-being benefits of leafy streetscapes, some recently translated to values in 
increased household income and avoided treatment costs, may exceed property value benefits 
by several fold (Kardan, et al., 2015; Wolf, et al., 2015) scheduling a new suite of valuation 
strategies from integrated socio-economic-epidemiology research. The limitations of the 
hedonic price models used to estimate property values in this study, were acknowledged in 
section 4.2.1. While the time period avoided effects of a major flood in Brisbane in 2011, it 
captured some of the volatility in pricing and thinning of transaction volumes in the housing 
market through the Global Financial Crisis (GFC) years. These models may therefore have 
been less sensitive to the rapid changes in the market by only accounting for annual changes 
in the year of sale dummy variables (Rambaldi, et al., 2011). This forecast benefits of 
achieving an average of 50 per cent footpath tree cover also doesn’t account for non-linear 
changes in costs or market values or shifts in home-buyer preferences which may increase or 
decrease valuation outcomes (Garrod and Willis, 1992b). 
Data for a limited number of attributes was available for this study, which may have excluded 
some important characteristics of home buyer choices/decisions such as age of house, extent 
and recency of renovations, proximity to good schools, and the disservices of lower 
elevations, in particular flood prone areas, included in other studies (Donovan and Butry, 
2010; Pandit, et al., 2013; Sander, et al., 2010). Instead, neighbourhood scale characteristics 
and additional dummy variables were used to proxy for some omitted attributes and capture 
variations in house sales prices of the sample that wouldn’t otherwise have been captured. 
Emergence of finer scales of measurement of an increasing range of landscape, public service 
and social descriptors may facilitate more robust estimation of spatially varying implicit 
pricing in hedonics (Geniaux and Napoléone, 2008).  
Spatial patterns of relationships between house price and home-buyer perceptions and 
amongst neighbourhood characteristics, in this subset of the Brisbane residential property 
market, not captured in the OLS model, were factored into the two spatial model 
specifications.  
Finally, the monetary value of tree cover in this study was estimated from home-buyers 
willingness to pay premium house prices. Yet home-buyers are just one subset of a wide 
range of stakeholders who value trees differently.  
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4.7 Conclusions 
The estimated property value benefits of leafy streets in Brisbane, measured for the first time 
in an Australian city, provide a powerful message to engage with home owners, developers, 
municipal investors/managers and state government beneficiaries about the multiple benefits 
of trees on the “front line” of the UF. This translation of small but significant preferences for 
street trees into monetary values and returns to a range of beneficiaries supports ongoing 
investments in programs like Neighbourhood Shadeways and maintenance. In particular, a 
business case to optimise and sustain streetscape components of GI through a partnership of 
investment beneficiaries has emerged.  
Not only have losses in private tree cover been forecast as dwelling patterns in Brisbane 
intensify, this study suggests that property owners prefer a threshold of tree cover on private 
property that is eight percentage points less than the 2010 average tree cover on properties. 
This increases the imperative for ongoing investment in valued components of the urban 
forest on public land, like street trees. Now is not the time to be complacent about the current 
leafiness of Brisbane, but rather a time to recognise investment in street trees as both cost-
effective and as a multi-functional component of the broader network of green infrastructure 
required to support the changing shape of cities. Evidence based, forward-thinking, 
engagement and collaboration, is suggested, rather than waiting for urban growth and 
development patterns to overshoot ecological or human well-being thresholds (Jones, et al., 
2012).  
The strength of the evidence gathering approach in this study comes not from the business 
case alone, but from the revealed insights of local preferences for or against urban trees, 
including preferences for street trees nearby and thresholds of tolerance for diversity of 
species of those nearby street trees  Incorporating local revealed preference spatial modelling 
into open-source software tools can further advance UF assessment and robust valuations 
better suited to strategic GI investment for sustainable cities.   
This research has identified opportunities to improve evidence gathering and application 
techniques that support: a) management of extensive, diverse UF and GI components; and b) 
engagement with a range of property value beneficiaries to sustain ongoing strategic 
investment in leafy streetscapes. By addressing objectives 1 and 2, and the first of the two 
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research sub-questions, advances have been made to knowledge in the field of UF 
management and valuing ES.   
In the following chapter, the relative importance of measuring and valuing ES of the UFs, 
especially street trees, is explored to address the third research objective.     
106 
 
CHAPTER 5  
MAKING THE CASE FOR UF PLANNING AND INVESTMENT 
 
5.1 Introduction 
In less than three decades, valuing ES has reached government policy, budget and project 
decision making tables, encouraged and enabled by operationalising frameworks, initiatives, 
models and tools (Daily, et al., 2000; Gómez-Baggethun, et al., 2010; Haab and McConnell, 
2002; Tzoulas, et al., 2007). Economic assessments of ES  continues to maintain a large share 
of the exponential growth in ES research and outreach (Cornell, 2011; Hubacek and 
Kronenberg, 2013) particularly in the field of GI planning (Hansen and Pauleit, 2014; Lovell 
and Taylor, 2013) and sustainable UF management (Roy, et al., 2012), yet there has been 
limited review of the use or relative importance of metrics and valuations of ES in GI 
planning and investment decisions (Haase, et al., 2014; Laurans, et al., 2013; Primmer and 
Furman, 2012; Ruckelshaus, et al., 2015).  
Well supported by some of the earliest urban ES research collaborations (Bolund and 
Hunhammar, 1999; McPherson, 1992; Nowak, et al., 1996; Rowntree and Nowak, 1991), 
UFs have transitioned from predominantly aesthetic to components of GI, delivering valuable 
environmental, social and economic services, essential to sustainable and liveable cities. 
Strong empirical evidence of the environmental benefits of trees to human habitats at 
regional, metropolitan (and neighbourhood) scales has been translated to measures and values 
attributed to mainstreaming and engaging a broad range of stakeholders (Silvera Seamans, 
2013; Young, 2013). A large proportion (36.5 per cent) of UF research has resulted in 
quantified benefits and costs (Roy, et al., 2012).  In just ten years since development, open-
access software tools like “i-Tree” (which converts inputs about urban trees to UF structure, 
functions and environmental values), has gathered 36,000 registered users across 120 
countries of the world (i-Tree 2014). Yet such valuations and “technocratic tools” (Hockley, 
2014 pg 283), cannot impose stand-alone solutions but rather join “a landscape crowded with 
existing institutional forms” (Jordan, 2014) and other types of knowledge and values that 
proliferate in urban decision-making venues (Ives and Kendal, 2014).  
More fundamentally, “measuring and valuing (ecosystem) services does not directly lead to 
increased use of this knowledge” (Primmer and Furman, 2012 pg 85). Even the extent to 
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which UF-GI decisions are influenced by “hard facts” like measures and valuations, may 
depend on how, when and to whom they are communicated (Ives and Kendal, 2014; Janse 
and Konijnendijk, 2007). A survey in Hanover (Albert and Von Haaren, 2014) identified that 
although thought to be very useful in planning for urban biodiversity conservation, much like 
the concept of ES (de Groot, et al., 2010), the GI concept itself, is still poorly understood by 
planning experts. Assimilating UF-GI metrics into existing asset planning and management 
language and processes, rather than proliferating divergence between built form and living 
systems - grey and GI (Davison and Kirkpatrick, 2014) or separate “green accounts” 
(OpenNESS project) may also influence decision makers receptiveness to UESVs 
(Ruckelshaus, et al., 2015). Understanding more about the relative importance of UES 
measures and values to decision making, amongst such influences, is a challenge to scientists, 
decision-makers and stakeholders concerned about sustaining the health of UFs and the 
quality of human life in rapidly growing cities.  
The range of UES measures and valuations continues to grow, fuelled by demand for further 
research (Jim and Chen, 2009; Ottitsch and Krott, 2005; Salzman, et al., 2014). Economic 
values of health and well-being benefits of human connections and access to nature in cities 
are emerging (Flint, et al., 2013; Kardan, et al., 2015; Sarkar, et al., 2015; Wolf, et al., 2015). 
Beyond individual human health benefits, community-based UF projects focused on 
enhancing one type of UES like cooling urban hot spots (a regulating ES services) have also 
supported co-benefits of ecosystem resilience and generated valuable cultural ES in the form 
of social cohesion and environmental stewardship (Campbell, 2014; Krasny, et al., 2014; 
Svendsen, 2009). Some UES costs and disservices, which have lagged behind benefits 
research, have also been documented (Roy, et al., 2012). Research collaborations, focused on 
the contribution of UFs and green infrastructure to healthy, liveable and sustainable cities 
have now extended to socio-ecological-economic disciplines.  
In parallel to the growing research on urban ES, alternative sources of knowledge and 
innovative forms of evidence gathering techniques and prioritization tools suited to UF-GI 
planning have emerged. Wilker and Rush (2014) used a contingent valuation to involve a 
local community in determining GI priorities for a local land-use planning exercise and 
subsequent WTP metrics to CBAs to justify investment in those priorities. Combinations of 
expert and non-expert, qualitative and quantitative knowledge articulating a broader range of 
values have been sourced through participatory and integrated mapping (Balram and 
Dragićević, 2005; Brown, et al., 2012; Dobbs, et al., 2014; McPhearson, et al., 2015; 
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Svendsen, 2009). Supported by advances in remote sensing and GIS, map-based data has 
provided opportunities to share, clarify and validate issues and evidence to help prioritise 
policy and management actions (Farber, et al., 2006; Janse and Konijnendijk, 2007; Brown, 
et al., 2012; Norton, et al., 2015; Roy, et al., 2012).   
Translation of this proliferation of  urban ES scholarship and innovation to UF-GI policy, 
planning and investment is inconsistent and has generally lagged behind the knowledge front 
at an important time (Guerry, et al., 2015). As cities change shape to support population 
growth and strive to meet the threats posed by climate change there are opportunities to make 
strategic shifts from single-purpose grey infrastructure to multipurpose green infrastructure. 
This is a critical time to review of the “relative importance” of measures and valuations in the 
UF-GI decision-making process.  
A better understanding of the usefulness of economic valuation to decision makers and the 
decision-making process can support further innovation, shape further research and guide 
approaches to strategic development and implementation of UF-GI. More specifically, 
lessons from successes in UF-GI planning and investment offers a more adaptive toolkit for 
UF management and a broader range of international solutions (Carreiro, et al., 2007).   
This component of the research effort provides insight into the “relative importance” of 
measures and valuations in decisions about planning and investment in UF–GI by reviewing 
their role in street tree planting initiatives in four cities- Sacramento (US), New York City 
(US), London (UK) and Melbourne (Australia). 
This assessment focused on opinions about the relative importance of ES measures and 
values of one subset of urban GI management, that is, major street tree planting investments 
(not outcomes), offered by urban foresters. The hypothesis is that learnings from these 
successful translations of evidence to investment, or science to action, at this narrow scope 
and scale, may confirm findings from ES knowledge utilisation and valuation research, 
important to refining further international comparative assessment. 
First, “relative importance of ES measures and values” is defined, before introducing the four 
case study cities and the preliminary assessment method. The results of the preliminary 
assessment are then outlined and discussed, in the context of related surveys, seminal 
scholarship about the limitations and difficulties of valuing UES and assessments of ES 
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knowledge utilisation.  A broader thematic assessment structure for further testing and 
application by others is proposed.   
 
5.2 Defining “relative importance” 
“Relative importance of ES measures and values” – combines three established concepts. The 
first is that nature provides a range of provisioning, regulating, cultural and supportive ES 
services to people (Fisher, et al., 2009; Millenium Ecosystem Assessment, 2003). Second, ES 
can be quantified and valued in monetary terms (Farber, et al., 2006; Farber, et al., 2002). 
Third, measures and valuations are a single source of technical information, amongst many 
other technical and non-technical pieces of evidence and knowledge that are inputs to 
policies, projects and decisions, that can optimise and sustain both the natural resource itself 
and the quality of life of people it services (Hockley, 2014; Jordan, 2014; Primmer and 
Furman, 2012). People’s underlying values (attitudes, beliefs and behaviours) also translate to 
knowledge inputs and influences on decisions about ecological management (Ives and 
Kendal, 2014). However, these are treated as separate to the ES measures and values defined 
here.  Relative importance, therefore, seeks to assess the positioning of ES valuation evidence 
in relation to all other inputs in decision-making. 
 
5.3 Case study cities 
Four case study cities that share several features were chosen for the assessment to enable 
comparisons to be made and to seek out variables for broader assessment (Silva, et al., 2014 
pg 84-96 by Booth). These four cities were chosen because each has made major investments 
in street tree planting projects in the last ten years, as a strategic component of well 
recognised exemplar urban forest management and a rich tradition of tree planting.  Each city 
also shared a similar approach to UF governance where municipal authorities took primary 
responsibility for delivering these projects and ongoing tree management. Measures and 
valuations of all or part of the street tree subset of the UF was also common to all the case 
study cities.  
In Sacramento, street tree planting supports the regional Greenprint Initiative’s goal of adding 
5 million new trees to public and private land by 2025. Building upon long standing, 
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successful partnerships between the municipal authority, US Forest Service scientists, 
community-based Sacramento Shade Tree Foundation (STF), tree planting is servicing all 
three goals of the Greenprint Initiative: (i) to optimize the benefits of trees throughout the 
region, (ii) to create sustainable UFs, and (iii) to build community-wide appreciation for UFs 
(Sacramento Tree Foundation, 2013). Regional energy provider, the Sacramento Municipal 
Utility District (SMUD), has invested US$35 m (equivalent to $AU 34.4m in 2010) since 
1990 to support STF shade tree plantings on private property to reduce peak summer 
electricity consumption (American Forests 2013). 
In both Sacramento and New York City (NYC), major street tree planting funding injections 
followed assessments of the structure, functions and value of the UF by U.S Forest Service 
scientists and tree managers. In NYC the Urban Forest Effects Model (UFORE) and Street 
Tree Resource Analysis Tool for Urban Forest managers (STRATUM) revealed that their 
592,000 street trees were delivering US$121.9 m (equivalent to $AU 151.5 m in 2010) of 
annual environmental and aesthetic benefits, 5.6 times annual management costs in 2007 
(Peper, et al., 2007). Mayor Bloomberg ensured that trees were a vital component of the plan 
for a sustainable New York City (PlaNYC 2015), and quadrupled the NYC Parks and 
Recreation budget to deliver 1 million new trees by 2017, including US$247m (equivalent to 
$AU 243m in 2010) to plant 220,000 new street trees (MillionTreesNYC 2013). 
It is also important to acknowledge the US government’s Farm Bill has supported UF 
research, state and local government grants and state level co-ordination of UF programs 
since 1990. The Clean Water Act (1972) and Clean Air Act (1970) along with National 
Ambient Air Quality Standards also set national requirements relevant to municipal UES in 
US 
Servicing up to twice as many street trees as NYC (Peper, et al., 2007; Treeconomics, 2015), 
the Greater London Authority provides a regional planning function and includes 32 
boroughs who manage most of the trees on public land and all street trees. The first mayor of 
Greater London, supported the national Sustainable Communities Plan by introducing 
policies, in 2004, on accessible open space, biodiversity, noise, energy and municipal waste 
which also recognised London’s vulnerability to a changing climate (Birch and Wachter, 
2008). Mayor Boris Johnston recognised that improving tree cover could help improve 
neighbourhood amenity, reduce UHI effects and “ensure London retains and enhances its 
identity as one of the greenest and leafiest world cities” (Greater London Authority 2013).  
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Linked to London’s Climate Change Adaptation Strategy, £7 million (equivalent to $AU 
11.77 million in 2010) for 20,000 new street tree plantings was provided between 2008 and 
2015 to improve local neighbourhoods. The benefits of trees and other green infrastructure in 
the Victoria Business Improvement District of London had been quantified using i-Tree and 
CAVAT modelling (Victoria Business Improvement District 2013). 
Responsible for a central city municipal population of around 500,000 residents and over a 
million international visitors per year, Melbourne City Council adopted an exemplar “Urban 
Forest Strategy – making a great city greener” in 2012 (Melbourne City Council 2013). Not 
only were Melbourne’s 70,000 street and park trees contributing to the liveability of the city, 
they were valued at around AU$650 million, yet 23 per cent of the tree population was 
forecast to be at the end of their useful life within ten years. To increase tree canopy cover 
from 22 per cent to 40 per cent by 2040, and grow an UF more resilient to more frequent 
drought in a city vulnerable to intensifying heat waves, Precinct Planting Plans now combine 
the priorities of the local community with the targets and principles of the Urban Forest 
Strategy (Melbourne City Council 2015).  
 
5.4 Methods 
To firstly assess what other levels of UF management the four cities shared, an assessment 
against Clark et al (1997), modified by Kenney et al (2011), Model for Urban Forest 
Sustainability (MUFS), was undertaken using both peer-reviewed and other published 
information.  The MUFS is based on the Brundtland Commission definition of sustainable 
forestry modified to account for the range of values, management activities, land tenures and 
stakeholders in the urban context.  Clark et al. (1997) suggested that sustaining net benefits of 
UFs over time requires the right kind of human intervention and management across three 
components, the composition and structure of the resource itself (“Vegetation Resource”), a 
strong framework of community engagement (“Community Framework”) and appropriate 
management of the resource itself (“Resource Management”). Their model for UF 
sustainability (MUFS) has been used extensively for UF management plan development and 
review. Clark and colleagues’ model has also been used to inform the selection of variables in 
an assessment of tree survival and growth in the Indianapolis NeighborWoods program 
(Vogt, et al., 2015). Several criteria are structured within these three components.  
Quantifiable data is integral to four criteria within each of “Vegetation Resource” and 
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“Resource Management” components and valuation evidence supports data about both the 
“Vegetation Resource” and awareness of trees as a community resource within the 
“Community Framework” criteria.   
Criteria related to measures and values were highlighted in the author assessment, but not 
given any additional weighting. Based on available information, all twenty one criteria 
relevant to street trees were identified in a single page spreadsheet, as satisfied, not satisfied 
or insufficient information available (see Appendix IVa). Criteria unrelated to street trees 
were listed but not rated. The author assessment in this study was then verified by the urban 
forester responsible for co-ordinating urban greening and or street tree planting and 
management in each of the four cities (see Appendix IVb). In addition, these officers 
responded to two questions at the time of returning their MUFS verifications.  
 How would you rate the importance of structural measures and monetary values of 
the street tree population in the success of gaining funding for the delivery of the 
street tree planting component of the < “name of city initiative”> ? Low importance, 
Medium importance or High importance?   
 
 Were there other factors, not listed in this assessment, that were important to this 
project? E.g. support of champion(s) for the UF/street trees; or a crisis such as 
pest/disease which forecast significant loss of the street tree population? 
 
5.5 Results 
With each city having assessed the structure of their street tree resource and measured and 
valued some of the ES it provided, all four satisfied the quantitative criteria within the 
“Vegetation Resource” and “Resource Management” components. The types of measures and 
valuations were similar for each of the cities. Measures of UF and street tree population 
structure, composition and condition informed resource management needs, much like base-
line data required to effectively manage any asset (Aldous, 2010; Sutherland, et al., 2004). 
Structural asset measures were in turn translated to measures and values, including 
replacement value and some regulatory and supporting biophysical ES, such as air quality 
improvement, stormwater management, carbon storage and sequestration and urban heat 
island cooling.  In London, ES measures and values were limited to the Victoria Business 
Improvement District.  
The author’s assessment across the balance of criteria was also confirmed and the five per 
cent of undetermined criteria clarified by each verifier. Each of the cities had developed UF 
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management plans, which included street tree management, with the Greater London 
Authority acknowledging the tree management plans of each of the 32 boroughs within the 
London Mayor’s jurisdiction. Together with community awareness materials on their 
websites and peer-reviewed publications, these management plans provided the majority of 
evidence that demonstrated that each of the four cities generally satisfied all three 
components of sustainable UF planning and management, as shown in Table 5-1.   
While urban foresters in each city acknowledged structural and ES measures and values as 
part of their sustainable approaches to UF management, only the two USA cities, rated this 
type of evidence as highly important to success in gaining funding for their major street tree 
planting initiative. This confirmed an earlier suggestion by a broader range of Sacramento 
and NYC stakeholders that “data-driven planning” had contributed to the development and 
effectiveness of both planting plans and business plans, especially in combination with 
diverse, institutionalized funding sources for their tree planting initiatives (Young, 2011a). 
Both London and Melbourne rated measures and valuation of low importance to gaining 
funding for their street tree planting projects.  London suggested the funding was simply part 
of a Mayoral manifesto that was only later linked to environmental outcomes and prioritised 
using measures and mapping. In spite of a considerable suite of data and evidence about their 
street tree resource and its ES benefits and values, sourced internally and in partnership with 
external researchers, Melbourne suggested that political champions, engagement with the 
community about the ES of the UF and links with climate change adaptation at a qualitative 
level was more important. Support of the ultimate funding decision-maker mayors, and links 
with broader municipal strategies, policies or city visions were factors common to all four 
cities. 
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Table 5-1 Sustainable urban forest assessment results and survey responses verified by 
Sacramento, New York City, London and Melbourne urban forest managers.  
 
  
N/A
N/A
N/A
N/A
High High Low Low
Green industry cooperation
Sustainable Urban Forest Criteria City
Vegetation Resource Sacramento (1) New York City (2) London (3) Melbourne (4)
Publicly owned natural areas
Native vegetation
Community Framework
Public agency co-operation
Involvement of large private land holders
Relative canopy cover
Age distribution 
Species suitability
Species diversity
Tree condition
Measures and values based criteria in purple 
shading
Relative importance of measures and valuation 
to TPI investment
Other factors
Tree Maintenance
Citizen- municipality- business interaction
Awareness of trees as a Community resource
Regional Cooperation
Resource Management
Tree inventory
Canopy cover assessment
Citywide management
Municipal funding
City staffing
Tree establishment planning and implementation
Tree habitat suitability
Neighbourhood Action
Engagement with City of 
Sacramento's identity as 
"City of Trees"
Support of champions, 
especially Mayor 
Bloomberg and city 
funding allocation for full 
10 years up front. City 
hall support for tree 
planting policy.
Mayor's Street Tree 
Planting Initiative was a 
Mayoral manifesto 
commitment, not initailly 
developed to meet any 
specific environmental 
objectives - these were 
identified after delivery 
approval. 
The ecosystem services 
are the key driver, not 
the monetary value. 
Millennium drought and 
its impact on trees in 
Melbourne helped make 
Climate change 
adaptation linkages . 
Political champions also 
very important.
Tree risk management
Tree protection
Natural Area management
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When all the factors, identified by these four urban foresters, as important to achieving a 
significant investment in UF-GI (Table 5-2), are listed, they reflect some of the findings of 
limited scholarship to date, including elements of UF-ES knowledge utilisation that can be 
explored in a broader assessment. For example, some suggest UESV as an informative part of 
early stages of decision-making (Cowling, et al., 2008; Giergiczny and Kronenberg, 2014). 
Strong, early, measurable connections made between their UF, ES regulating services such as 
summer cooling and energy conservation, and climate change adaptation may have helped 
proponents of urban greening initiatives in Sacramento and NYC.  Yet decision-makers in 
Melbourne, who also had early access to UESV, may have chosen to work collaboratively 
with stakeholders (Ruckelshaus, et al., 2015) to consider engagement about forecast losses of 
aging, vulnerable trees across the city, more important in initial stages. This is consistent with 
the success Melbourne had reported from adopting an asset management approach to urban 
tree management (Davison and Kirkpatrick, 2014) and only gathering and translating useful 
data after identifying context and purpose in the policy making process (NGIA, 2015). 
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Table 2 Factors identified by urban foresters as important to funding success 
  
Measures and values 
 Urban forest structure and needs 
o street tree extent, distribution, composition, condition, and 
vulnerability/longevity 
 
 ES functions, measures and values 
o  air quality improvement, stormwater management, carbon 
storage and sequestration and urban heat island cooling 
 
Links to municipal vision and strategic planning 
 A city that identifies with trees/green  
 Links to sustainability and sustainable development 
 Links to Climate Change vulnerability/adaptation 
 
Stakeholder engagement and support 
 Political champions 
 A city that cares about trees 
 
Table 5-2 Factors identified by urban foresters as important to funding success 
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5.6 Discussion 
While UESV has made an important contribution to initiating major street tree planting 
projects in two cities, Sacramento and NYC, the successes all four cities shared in gaining 
investment were attributed to several other factors. Three decades of UF ecosystem research 
and outreach in the US have perhaps shaped a respect for science in decision making beyond 
the mainstreaming of the ecological street tree within the US (Silvera Seamans, 2013). 
Stakeholders in Sacramento and NYC had also been amongst six other US cities and one 
region that placed their tree planting initiatives within “the broader context of advancing 
sustainability through GI” (Young, 2011, pg 372). Promoting active management and 
additions to UFs as a strategy to optimize a network of multifunctional GI, that pay dividends 
in ES, can also advance innovative and participatory land use planning (Hansen and Pauleit, 
2014; Lovell and Taylor, 2013). 
Yet internationally, sustainable UF practices, support of politicians, and or links with broader 
municipal strategies, policies or city visions may be more important, or at least 
supplementary, to ES measures and values in decision-making (Jordan, 2014; Schwab, 2009). 
(Ottitsch and Krott, 2005) suggested that advancing UF policy in Europe depended on 
evoking strong positive emotions about urban trees as much as explaining facts. The role of 
champions at every level and a common language to support collaboration between the 
diversity of stakeholders was also suggested (Rotherham, 2010; Ugolini, et al., 2015). It 
seems that while ES measures and valuations may have reached the decision-making table, 
they are certainly not the sole factor in decisions to invest in UF as GI. 
This assessment, raised more questions than it answered, due to the narrow scope and scale of 
the investigation, but did help to confirm the hypothesis. Factors involved in decisions to 
invest shared some ingredients that have been identified in revisions of ES knowledge 
utilisation and critiques of ES valuation research. These similarities are outlined below and 
help inform a thematic approach to a broader assessment.  
First, the assessment identified some fundamental limitations of urban ES valuation. For 
example, if the ES themselves, without quantification or valuation, were most important to 
investment in Melbourne, was that done deliberately to avoid confusing stakeholders with 
metrics, or to avoid downplaying stakeholders strong intrinsic attachment to the trees of the 
city, or were the monetary values themselves “too fuzzy” to build trust with decision-makers 
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(Cornell, 2011; Lele, et al., 2013; Pincetl, et al., 2013; Wegner and Pascual, 2011). Venturing 
into indirect ES values such as erosion control, biodiversity and reducing greenhouse gas 
emissions, can invite unnecessary complexity when direct savings of green stormwater 
infrastructure over conventional retention and treatment system costs, deliver a strong 
business case (Jaffe, 2010).  
Second, the assessment raised other questions about context, audience, communication 
techniques and timing of ES measures and valuation, which have also emerged in the limited 
UESV studies and scholarship in ES knowledge utilisation.  For example, how much did the 
institutional decision-making context influence the types of ES that were articulated in 
Melbourne, measured and valued in Sacramento and NYC, and used later in London? Rather 
than operating outside the municipal planning and budgetary processes, UF-GI initiatives 
may do better to align with them (Faehnle, et al., 2014).  Was there a critical stage in the 
decision-making process for “MilliontreesNYC” or Sacramento “Greenprint”, when ES 
measures and values made the greatest impact on success? When the majority of ES 
valuations are produced from a supply (especially regulatory ES such as air quality 
improvement) rather than demand logic, it can disengage decision-makers and reduce 
measures and values to an informative role (Laurans, et al., 2013). Although not canvased in 
the preliminary assessment, ES measures and values can be “ripe” for use at various stages of 
planning and policy (McKenzie, et al., 2014), if used in combination with other evidence 
sourced and analysed with stakeholders (Dickinson, et al., 2012; Kopperoinen, et al., 2014; 
Vogt, et al., 2015) and introduced iteratively (Ruckelshaus, et al., 2015). Are there types of 
ES measures and valuations that are foundational in a hierarchy of evidence gathering, 
compared to others that are “nice to have” or secondary? (“202020”, 2015) For example, 
structural metrics are essential to identifying the priorities and vulnerabilities for fundamental 
management of the UF resource (Miller, et al., 2015). Quantifying and valuing the current, 
compared to potential UES, such as cooling and energy conservation, built upon the 
foundational resource metrics to make the case for an investment partnership to strategically 
enhance of the UF resource in Sacramento (Sacramento Tree Foundation, 2013).  
The preliminary assessment and related studies therefore provide insights for a broader, 
thematic assessment of the relative importance of ES measures and values to UF-GI planning 
and investment. The current critical mass of “i-Tree” users may be an appropriate target for a 
broader survey of decision-makers and stakeholders across the many cities and regions that 
have measured and valued their UF-ES services. This broader sample should seek learnings 
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from a variety of outcomes, not just tree planting investment successes. For example, there 
may be a type of ES valuation which is making its way into municipal financial systems 
through asset management plans to secure annual operational funding for tree maintenance. 
Targeting a broader range of stakeholders, who are likely to hold different perceptions and 
values, may also reveal differences between urban tree management professionals, who are 
more knowledgeable about ES measures and values, and others (Davison and Kirkpatrick, 
2014).  
Three themes are suggested for broader assessment based on the preliminary survey 
technique and scholarship to date: context; evidence/influences; outcomes/impact. Context 
questions gather information about the initiative type, scale, scope and ownership, links to 
other strategies, legislations and drivers, and governance that are essential to comparative 
assessments (Silva, et al., 2014; Konijnendijk, et al., 2006).  The MUFS “Health Check”, as 
used here, provides additional context about the UF resource, its management and outreach. 
The type, sources, timing and communication of all evidence gathered, including ES 
measures and values are important to the second theme, as are other influences. The final 
theme identifies the outcome(s) and impact and then concludes by seeking a rating of the 
relative importance of ES measures and values to that outcome/impact. Responses could be 
categorised, as much as possible, to facilitate quantitative analysis. It is also suggested that 
resource structural measures be separately canvassed from measures and valuations of ES, as 
there may be differences in the relative importance of each. The proposed assessment 
structure is shown in Table 5-3. The proposed assessment requires significant development, 
including peer review, further testing and modification (Lawrence, et al., 2013).  
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Table 5-3 Proposed assessment structure for investigating relative importance of ES measures and values to UF-GI planning and investment outcomes 
Questions Response categories 
Context 
Location, Population, Area Specify 
What was the purpose of the initiative? Management of the resource - needs, priorities, asset management 
Developing or renewing policy/ strategy 
Implementing policy or strategy. 
Planning a project  
Land use planning (spatial planning) 
Developing targets/indicators  
Promoting 
Monitoring/ reporting – e.g. for Key Performance indicators; Liveability/ Sustainability Ratings/Indices 
 
Were there particular motivations/drivers for the initiative? Legislation 
Links to other policies / strategies/ programs 
Political/organisational priority  
Contingent events – e.g. Natural disaster 
Community demand/idea 
Which tenures does the initiative impact? Public land, Private land, institutional land, other 
Which types of GI or components of the UF does the initiative impact? Street trees, park trees, trees on private land, whole UF, other 
Who owns/ leads the initiative/project? 
Are they also responsible for implementation/funding? 
What level are they within the lead organisation? 
Government – local, state, federal 
Non- government – community group,  
UFS “Health Check” (to be completed by the UF manager) Yes/No/Don’t know responses to 21 criteria 
Evidence 
What types of ES information was gathered or available for the initiative? Qualitative, Quantitative 
Of the quantitative information, what types of ES measures and values were gathered? Regulatory/provisioning/ cultural/ supportive ES 
Specify – air quality improvement, stormwater runoff reduction, cooling/energy conservation, etc. 
What other types of measures/evidence/information was gathered? Base-line structural UF measures- e.g. canopy cover 
Historical UF information 
Community preferences 
Who decided what evidence/information to gather? Project leader only, collective decision by project or stakeholder group 
Where was the evidence sourced from? Internal from the project lead organisation 
External – from research institutions, private consultants, other government agencies 
Which type of evidence, or combinations of evidence, was most useful to the initiative? Open to categories or other 
When were the most useful types of evidence used? Early-“conceptual” stage; Mid- “strategic”, support building stage; Final – “instrumental”, actions, implementation planning. (After 
McKenzie et al. 2014) 
Who was this evidence shared with during the initiative?  Decision-makers only, internal stakeholders, internal and external stakeholders.  
How was this evidence used? As “informative”/awareness building only; as “technical” to support budget estimates or CBAs; as “decisive” info for target setting, 
or deciding on options (After Laurans et al. 2013 ) 
Other Influences 
What other factors influenced the outcome of the initiative? Political support/ lack of support, partner program support/ lack of support, stakeholder support/ lack of support – specify 
Other? 
Outcomes/Impact 
Considering the types of evidence, other influences and outcomes of the project, how would you rate the 
relative importance of ES measures and values to the outcomes? 
Rating scale (1-5) 
1= not important, 2= low importance, compared to other evidence/influences 3= equally important as other evidence/influences, 4= 
moderately more important that other, 5= high importance 
How would you rate the overall success/ impact of the initiative? Low, medium, highly success/impact 
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5.7 Conclusion 
Measuring and valuing the multiple ES benefits of urban trees is helping mainstream the role 
of UFs as essential GI, yet at the decision-making table other forms of evidence and 
influences shape the final outcome. Even across cities such as Sacramento (USA), New York 
City (USA), London (UK) and Melbourne (Australia), where commitments to sustainable 
management of street trees as part of exemplar UF programs were confirmed, the use of ES 
measures and values was not always regarded as the most important factor in securing 
approval and investment in UF-GI projects. A better understanding of the range and relative 
importance of inputs to decision-making, in particular ES measures and valuations, is 
proposed through a wider assessment of cities that have now used tools, such as “i-Tree”, to 
analyse UF structure, functions and values. 
Fellow researchers are encouraged to further develop, test and refine a broader assessment 
approach, based on this preliminary survey informed by limited scholarship in urban ES 
utilisation and acknowledged limitations of placing monetary values on nature’s services.  
Results of such an assessment can help shape further urban ES valuation research and 
innovation needed to guide broader implementation of UF-GI through the complexity of 
socio-political decision-making and value systems in rapidly growing cities.  
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CHAPTER 6  
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS  
 
Growing on the front line of the urban forest, street trees provide a multi-purpose web of GI 
that is as essential to sustaining liveable cities as buildings and grey infrastructure. As tree 
cover on private land is being lost to increasing density in rapidly growing cities, investment 
in GI components like street trees, growing on public land, is becoming more important. Yet, 
investments in GI have struggled to compete for limited local government funds alongside 
the rigorous business cases developed by grey infrastructure proponents.  
 
A proliferation of urban ES scholarship in the last three decades, reviewed in Chapter 2 of 
this thesis, has helped highlight the role that valuations of a range of urban ES have begun to 
play in building awareness of the multiple benefits of UF and GI. However, studies of context 
specific measures of returns in ES from investments in UF have been limited. In combination 
with techniques for gathering  evidence about the extent, structure and management needs of 
extensive and dispersed UF components, opportunities to address knowledge gaps that could 
help build stronger business cases for GI were identified.  
 
The primary aim of this research was to build a better understanding of how contemporary 
techniques of analysing UF structure and valuing ES can be adapted and applied, to inform 
planning and investment in GI, using street trees in Brisbane, Australia as a case study.  This 
aim was achieved by exploring three research questions: i) Are there opportunities to adapt 
evidence-gathering techniques to inform strategic planning and investment in street trees?; 
ii) If measures and valuations of ES of street trees are important for justifying and supporting 
strategic planning and investment, to what extent have cities with exemplar UF programs 
used such evidence?; and iii) Given the development of accessible techniques for measuring 
and valuing the ES benefits and costs of street trees, has this evidence translated into better 
planning and investment for UF?  
 
This chapter summarises the outcomes of this study including the key research findings, 
conclusions drawn from these findings in relation to the research questions and contributions 
of this research to the literature. Limitations of the study are acknowledged and finally, 
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implications to evidence based policy, planning and investment in GI components, like UFs, 
and suggestions for further research are provided in the recommendations.  
 
6.1 Summary of research findings 
Chapter 3 of this thesis addressed the first objective of the study to gather accurate 
information about the extent, structure, composition and needs of a large, unevenly 
distributed street tree population, in the case study city. Unevenness in the density and 
distribution of street trees is typical in most cities and was accounted for in this study by 
using a novel “desk-top” approach to pre-stratification of a random sample survey of 
Brisbane’s street trees. Accurate estimates of tree population, planting opportunities, 
structure, composition and management needs were gathered by applying this approach to a 
sample of 16,668 street trees across 115 residential suburbs of Brisbane. The analysis of 
survey results found that in 2010, Brisbane could boast an extensive, diverse and uneven aged 
street tree population, including significant progress towards a target of 50 per cent footpath 
tree cover in residential areas by 2031. At the same time there was evidence that the 
population may be transitioning to a higher proportion of smaller growing species, of less 
proven longevity which can increase, rather than decrease, the demand for tree maintenance 
in the future. To help justify ongoing investment in street planting and maintenance, benefits 
derived from the effect of trees on house sale prices between 2008 and 2010 were explored 
using a local hedonic price model (HPM) and compared to costs.  
 
The second objective of this study, to derive economic, ES evidence for past and future 
investments in street tree management, based on the residential property value benefits of 
leafy streets, in the case study city was addressed in chapter 4. Property value benefits were 
considered a topical and relevant type of cultural ES to measure given the level of interest in 
property values from 68 per cent of Australians who own or invest in residential property. 
Local government and state governments in Australia also receive indirect returns from 
property values through rates and taxes.  
 
A local hedonic price model was first used to quantify the effects of tree cover on and nearby 
the property and the effects of features of street trees on house sale prices. Using the same 
sample sites where resource management evidence was gathered, both positive and negative 
effects of trees were revealed through home-buyer preferences, depending on the location and 
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quantity of tree cover and the diversity and maturity of street trees. Tree cover on the 
property, unless limited to 20 per cent or less, and a mixture of street tree species nearby, 
unless limited to six species or less, had an overall negative effect on property values in the 
study area. Unlike similar studies, tree cover on the footpath frontage had no significant 
effect on property values, however home-buyers were willing to pay a premium for houses 
with footpath tree cover within 100 m and the greater the level of footpath tree cover nearby, 
the higher the house sale price. Houses with 50 per cent or more street tree cover nearby sold 
for an average of 5.05 per cent higher than median house sale price. Average residential street 
tree cover of 35 per cent in 2010, was delivering more conservative house sale premiums of 
less than 1 per cent, yet these premiums translated to annual property value benefits worth 
more than twice the annual costs of street tree management in the same year. That is, the ratio 
of benefits to costs was between 2.06 and 2.2:1. Home-buyers willingness to pay for houses 
in these leafy streets also resulted in returns of almost $AU1 million per year in property tax 
revenues to local governments and an additional AU$1 to $1.2 million to the Queensland 
state government. There was also evidence of inequities in the distribution of property value 
benefits from street trees across the socio-economic spectrum. Not only had property value 
benefits made a strong case for ongoing investment in street trees as a form of GI, the 
hedonic price model technique had provided additional measures of community tolerances 
for tree cover and street tree features of direct relevance to policy evaluation and urban 
planning.  
 
Translating structural measures and ES valuations to planning and investment was explored 
further by addressing the final objective of this study in Chapter 5, to review the relative 
importance of measures and valuations of ES to investments in street tree programs in four 
international cities, reported as UF planning and management exemplars. These four cities 
shared exemplar urban forest management, similar governance structure and access to ES 
measures and values, yet their urban forest managers indicated that structural measures and 
valuations of ES were not always of high importance to decisions to invest in major street 
tree planting projects. Investment decisions were also attributed to several other factors, 
worthy of broader, thematic assessment. 
  
125 
 
6.2 Conclusions  
Conclusions drawn from these findings, in relation to the research questions, including 
overall contributions of this research to the literature are highlighted below. 
 
Question 1 Are there opportunities to adapt contemporary evidence-gathering techniques 
to inform strategic planning and investment in street trees? 
 
This study identified opportunities for improvements to evidence gathering techniques at two 
levels. First by accounting for the uneven distribution of street trees amongst  patterns of built 
form and other natural features found in most cities and acknowledged in previous studies. 
The approach to sampling used in this study is novel and accounts for spatial heterogeneity 
through desktop pre-stratification. This promotes accurate and efficient evidence gathering, 
essential to monitoring progress towards UF canopy cover targets and informing decisions 
about future management priorities. It also provides a sound platform for additional data 
capture and analysis that delivers insight to community preferences, property value benefits 
and returns on investment in street trees. 
Past and future investments in leafier streets were justified not only by the extent that annual 
property value benefits exceeded annual costs, but by the annual returns in property taxes to 
both the local government and the state government. Applied for the first time in an 
Australian city, this approach builds a strong case for a broader range of beneficiaries as 
investment partners in enhancing and sustaining GI assets and advances the use of ES 
valuation internationally. The use of revealed preference techniques to value non-market 
goods and services such as urban greenspace is not new. However, building evidence about 
the structure and needs of the resource alongside measurable preferences and tolerances 
expressed through monetary valuation presents new opportunities for combining policy 
evaluation with a robust and relevant planning and investment package from a single data 
gathering exercise.  
For example, preference for an upper limit of 20 per cent tree cover (eight percentage points 
lower than the average across the study area) on house lots in Brisbane was surprising, but 
may be a reflection of a decreasing amount of available space for trees on private property 
and the balance point between the benefits and costs of tree maintenance to home-owners.  
Perhaps as a trade-off to tree cover on the property, home-buyers in residential Brisbane were 
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willing to pay premium house prices for both current and forecast levels of footpath tree 
cover. The results also suggest that residents in socio-economically advantaged suburbs in 
Brisbane are receptive to street tree planting programs and being rewarded with greater 
returns in property values. 
 
Scholarly concerns about applying findings in one city to ES measures and values in other 
cities were confirmed in this study by the relationship between street trees and property 
values, revealed through home-buyer preferences This has important implications for the way 
property value benefits are currently incorporated into UF valuation software tools, such as 
“i-Tree”. An alternative approach is suggested as an area for further research in section 6.4.2.  
 
Question 2 If measures and valuations of ES of street trees are important for 
justifying/supporting strategic planning and investment, to what extent have cities 
with exemplar UF programs used such evidence? 
 
Valuing ES has claimed an important role in promoting the multiple benefits of UFs and 
integrating components like street trees (as GI) into planning for sustainable, liveable cities. 
Yet little is known about the relative importance of ES measures and values at the decision 
making table at a time when pressures from population growth and climate change are 
presenting opportunities to make strategic shifts from single-purpose grey infrastructure to 
multipurpose green infrastructure.  Three themes emerge from a survey undertaken in this 
study, a review of scholarship on fundamental limitations of valuing ES, ES knowledge 
utilisation and a handful of urban ES valuation reviews to date. Further investigation across 
the themes of: context; evidence/influences; and outcomes/impact using criteria suggested in 
Chapter 5 of this study, is proposed. By targeting the increasing number of international “i-
Tree” users, who have measured and valued some of the ES of their UFs, a detailed 
comparative assessment could provide further guidance for the implementation of UF-GI 
through the complexity of socio-political decision-making and value systems in cities.  
 
Question 3 Given the development of accessible techniques for measuring and 
valuing the ecosystem service (ES) benefits and costs of street trees, has this 
evidence translated into better planning and investment for UF?  
The aggregated research findings provide the basis for the answer to the final research 
question. The preliminary survey results, whilst limited to just four exemplar cities, suggested 
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that other factors beyond scientific and economic evidence are involved in final decisions to 
invest in street tree management, including the support of politicians and links to broader 
municipal strategies and policies. However, efficiently gathering accurate resource evidence 
that can be combined with community preference insights and measurable ES returns on 
investment, as demonstrated in this study, offer important adaptations to the suite of 
accessible techniques for planning and investment in UF and GI.  
 
6.3 Contributions of this research 
This research makes a significant contribution to multidisciplinary research on valuing ES. In 
the last three decades, valuing ES has begun to reach government policy, budget and project 
decision making tables, encouraged and enabled by operationalising frameworks, initiatives, 
models and tools. It has expanded into socio-ecological-economic disciplines, especially in 
the field of UF management, yet gaps exist in a number of key areas and were addressed by 
this research. Demonstrating originality, I have 
 made methodological advances in ES evidence gathering, using efficient 
combinations of “desk-top” and field-based information, to enhance a robust 
evidence base approach; 
 made analytical advances in applying evidence to ES business cases for investment, 
relevant to alternative investment strategies for UF-GI; and 
 advanced an approach to achieving a better understanding of the relative importance 
of ES measures and values to decision-making for UF-GI.  
 
6.4 Limitations 
Key limitations of this study also need to be acknowledged. First, while street trees provide 
many other regulatory, provisioning, supporting and cultural ES, such as air quality 
improvement, stormwater runoff reduction and treatment, cooling urban heat islands, 
promoting walking and cycling and providing green relief amongst the intensely built 
environment of cities, these, nor ES disservices, were measured or valued in this research. 
This study also excluded the effect of leafy streetscapes on the price of attached dwellings, 
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like units/apartments, rental price premiums and the commercial benefits of leafy streetscapes 
in business centres, all shown to be significant and positive in revealed preference studies 
elsewhere (Donovan and Butry, 2011; Melichar and Kaprová, 2013; Wolf, 2007). The net 
monetary value of street trees in Brisbane, derived by individual dwelling sale prices, was 
therefore an underestimate of the total value of the ES of this form of GI. 
Second, aside from standard regression assumptions and spatial dependence addressed in the 
analysis of the effect of tree cover and street tree features on house sale price, the HPM 
valuation method used to derive a monetary value of these effects also assumes that house 
prices reflect equilibrium conditions for home-buyers. Yet, like similar studies, not all home-
buyers in the study area, at the particular time of the study, may have been offered the same 
house choices, in their price range, nor been fully aware of all features of these properties 
when making their purchase decisions. The HPM models in this study explained between 
65.8 to 71.1 per cent of the variation in house prices, indicating that some features of house 
sales may have been excluded from the data set. Not all attributes of a housing market can be 
measured. Instead, neighbourhood scale characteristics and additional dummy variables were 
used as proxies for omitted attributes to capture variations in house sales prices of the sample 
that wouldn’t otherwise have been captured.  
Finally, although home-buyers willingness to pay for urban amenities such as greenspace 
often align with broader community preferences, the policy, planning and investment 
recommendations in this case study are derived from a subset of Brisbane at a specific point 
in time. 
 
6.5  Recommendations  
The following sections outline recommendations for: evidence based policy, planning and 
investment in UF-GI; and for further research. 
 
6.5.1 Policy recommendations 
This research expands the capacity for UF managers and GI proponents to build robust 
evidence based UF management and investment strategies. The use of local HPMs adds to 
knowledge about the structural status of the UF by providing a source of strategy and policy 
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evaluation from a community perspective. For example, a preference for leafiness in the 
nearby streets, rather than the street trees on the front footpath in Brisbane, suggested that 
engaging with residents about street tree planting programs should promote the outcomes at 
the streetscape scale rather than the individual property level. By targeting locations of least 
footpath tree cover, rather than being request based, planting programs may also reduce 
socio-economic inequities in the distribution of street trees, revealed in this study. Local 
HPMs can also be used to identify a threshold of tolerance for policy changes, such as 
Brisbane’s shift to greater species diversity within streetscapes to promote the subtropical 
aesthetic in conjunction with well-shaded pathways and greater UF resilience. Tolerance 
limits, found in this study, suggest caution for UF policy makers in their approach to 
achieving species diversity to reduce vulnerability to pests, disease and changing climates, 
especially at the streetscape scale.  
By identifying the range of beneficiaries and calculating the returns in property values and 
taxes that flow from investments in leafy streetscapes, the local HPM approach provides 
evidence for a partnership approach across other levels of government that can realise even 
greater benefits from investments in multi-functional GI. The challenge remains to offer 
greater access to this type of evidence gathering for UF managers and GI proponents, while 
maintaining a level of robustness and relevance.  
An innovative solution is proposed to avoid inaccuracies of current generic property value 
algorithms and values inferred from studies in other cities. Local HPM capability should be 
incorporated into ES software tools, such as “i-Tree Streets”, to account for variation in 
preferences, markets, neighbourhood characteristics and tree cover. Advances in remote 
sensing and property and neighbourhood data support this recommendation. 
 
6.5.2 Recommendations for further research 
Two opportunities for further research in the field of urban ES valuation emerged from this 
study:  
 development of a “model within a model” approach to incorporating property value 
benefits of urban trees into UF valuation software, offering more adaptive toolkits for 
UF management, and  
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  an international assessment of the relative importance of ES measures and values to 
planning and investment decisions about UF-GI. 
Additional policy-oriented ES research is required to explore the nuances of translating ES 
evidence to action in land-use and infrastructure planning for cities. Integrating ES valuation 
methods into community-based land-use planning, is one such avenue which could offer 
insights into variations in preferences across a range of urban scales, collaborative 
development of business cases and further expansion of multi-disciplinary scholarship.    
Finally, the research for this thesis has resulted in an extensive spatial dataset of 2010 tree 
cover, street tree type, size, diversity and condition, neighbourhood features and house sales 
across 80 sample sites in Brisbane. The value of this dataset goes beyond this thesis and 
provides opportunities to investigate: changes in home-buyer preferences and urban ES 
values over time; and studies of interrelationships with other ES such as human health and 
well-being. 
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APPENDIX Ia Sampling error calculations 
 
Percentile Area Trees
Vacant 
Planting 
sites Trees /km
Total sites 
/km
Road 
Length 
(km) Mean St Error Rel SE
0 1 123 84 55.1 92.7 2.2
0 2 54 13 24.1 30 2.2
0 3 267 12 115.7 120.9 2.3
0 4 167 32 75.7 90.1 2.2
0 5 474 139 178.4 230.7 2.7
0 6 937 148 223.4 258.7 4.2
0 7 116 25 51.7 62.9 2.2
0 8 156 47 70.2 91.4 2.2
2294 794.3 99.3 22.777726 0.0099
0.1 9 238 77 108.1 143 2.2
0.1 10 85 108 26.6 60.3 3.2
0.1 11 437 95 103.6 126.1 4.2
0.1 12 93 2 41.5 42.4 2.2
0.1 13 153 45 69.1 89.4 2.2
0.1 14 93 5 44.2 46.6 2.1
0.1 15 171 46 77.5 98.4 2.2
0.1 16 78 11 35.2 40.1 2.2
1348 505.8 63.2 10.340239 0.0077
0.2 17 155 79 70.3 106.1 2.2
0.2 18 216 131 51.1 82 4.2
0.2 19 218 23 68.1 75.3 3.2
0.2 20 126 3 56.1 57.5 2.2
0.2 21 288 66 68.3 83.9 4.2
0.2 22 149 74 67.2 100.6 2.2
0.2 23 186 229 38.5 85.9 4.8
0.2 24 168 22 75.6 85.5 2.2
1506 495.2 61.9 4.0765718 0.0027
0.3 25 329 208 77.6 126.6 4.2
0.3 26 132 32 58.9 73.1 2.2
0.3 27 195 75 88 121.8 2.2
0.3 28 198 43 89.9 109.4 2.2
0.3 29 187 14 83.4 89.7 2.2
0.3 30 152 71 60 88 2.5
0.3 31 254 178 60.5 102.9 4.2
0.3 32 161 14 71.9 78.2 2.2
1608 590.2 73.8 4.2580714 0.0026
0.4 33 157 70 71.5 103.4 2.2
0.4 34 193 49 87.7 109.9 2.2
0.4 35 56 153 25.3 94.6 2.2
0.4 36 142 78 64 99.1 2.2
0.4 37 97 10 43.6 48.1 2.2
0.4 38 300 28 135.9 148.6 2.2
0.4 39 352 79 83.7 102.5 4.2
0.4 40 179 10 80.4 84.9 2.2
1476 592.1 74 10.86598 0.0074
0.5 41 382 180 90.5 133.2 4.2
0.5 42 154 68 69.4 100.1 2.2
0.5 43 223 39 100.7 118.3 2.2
0.5 44 121 27 54.5 66.7 2.2
0.5 45 171 115 63.3 105.8 2.7
0.5 46 127 2 57.1 58 2.2
0.5 47 172 0 77.8 77.8 2.2
0.5 48 172 33 77.6 92.5 2.2
1522 590.9 73.8 5.3237363 0.0035
0.6 49 198 20 87 95.8 2.3
0.6 50 228 16 103.1 110.3 2.2
0.6 51 349 136 86.4 120.1 4
0.6 52 203 35 90 105.5 2.3
0.6 53 124 81 54.4 90 2.3
0.6 54 226 11 100 104.9 2.3
0.6 55 190 20 85.4 94.3 2.2
0.6 56 223 15 99.7 106.4 2.2
1741 706 88.2 5.0801083 0.0029
0.7 57 220 60 99.7 126.9 2.2
0.7 58 104 13 47.1 53 2.2
0.7 59 61 5 27.5 29.7 2.2
0.7 60 275 43 121.1 140 2.3
0.7 61 170 111 73.9 122.1 2.3
0.7 62 179 79 80.9 116.6 2.2
0.7 63 217 18 98.4 106.6 2.2
0.7 64 204 60 91.6 118.6 2.2
1430 640.2 80 10.021146 0.007
0.8 65 354 32 155.9 170 2.3
0.8 66 219 66 101.1 131.6 2.2
0.8 67 122 16 54.7 61.9 2.2
0.8 68 204 37 92.1 108.8 2.2
0.8 69 302 12 134.5 139.8 2.2
0.8 70 128 106 56.8 103.9 2.3
0.8 71 161 142 69.6 131.1 2.3
0.8 72 245 9 108 112 2.3
1735 772.7 96.6 11.984371 0.0069
0.9 73 213 75 107.2 145 2
0.9 74 178 100 78.4 122.4 2.3
0.9 75 194 57 86.9 112.5 2.2
0.9 76 163 45 72.9 93 2.2
0.9 77 195 81 83.1 117.6 2.3
0.9 78 282 91 125.1 165.4 2.3
0.9 79 556 24 260.4 271.7 2.1
0.9 80 216 75 95.1 128.2 2.3
1997 909.1 113.6 20.388553 0.0102
16669 4783 6596.5 201.6 82.4 0.0608
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APPENDIX Ib Upscaling street tree population and planting opportunities 
 
Street Tree Upscaling Figures 
Percentile Sample
d Road 
Length 
(km) 
Vacant 
Planting 
Trees Vacant 
Plantings 
Opportunities 
per km  
of Sampled 
Road Length 
Trees 
per km  
of 
Sampled 
Road 
Length 
Residential 
Road 
Length 
(km) 
Estimated 
Total 
Number of 
Trees 
Along 
Residential 
Roads  
Estimated 
Total Number 
of Planting 
Opportunities 
Along 
Residential 
Roads  
0.00 to 0.09 14.1 380 1,381 27 98 27 2,702 743 
0.10 to 0.19 13.8 306 1,111 22 80 102 8,163 2,248 
0.20 to 0.29 18.7 510 1,290 27 69 185 12,773 5,050 
0.30 to 0.39 17.5 531 1,429 30 82 312 25,547 9,493 
0.40 to 0.49 15.2 429 1,262 28 83 380 31,685 10,771 
0.50 to 0.59 13.2 354 1,304 27 99 470 46,339 12,580 
0.60 to 0.69 16.3 274 1,416 17 87 609 52,776 10,212 
0.70 to 0.79 14.7 282 1,292 19 88 754 66,056 14,418 
0.80 to 0.89 16.3 459 1,640 28 101 945 95,164 26,634 
0.90 to 1.00 15.8 438 1,783 28 113 1054 118,793 29,182 
         
Total 156 3,963 13,908 25 89 4,839 432,445 123,222 
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APPENDIX IIa Pearson 2-tailed Correlation matrix - House, Property, Suburb and 
Tree Cover attributes (N= 2299 house sales) 
  
LnPrice D_2009 D_2010
No_bedro
m No-bathrm
No_garag
e
Property 
area
Distanceto 
nearest 
park_m
Park_Area
_nearest 
park
Suburb_a
ge
Sub_hou_
income
Suburb_Yr
12 SEIFA
Suburb_di
sfrom 
CBD
Distance_t
o MP4
Distance_
major 
road
Distance 
Heavy I
p_cent_Tr
ee_Cover 
on prop
Pcent_tree 
cover_frt_f
ootpath
pcent tree 
cover_30
m_excl_frt
_fpath
Pcent_tree
cover witih 
100m 
prop_excl 
frt_path
Pcent 
fpath 
tcover 
within 
30m_excl 
front
Pcent_Fpa
th_TrCove
r_100m_e
xcl frt
Pearson 
Correlation
1 -.057
**
.061
**
.293
**
.456
**
.141
**
.074
**
.245
**
-.095
**
.516
**
.654
**
.589
**
.520
**
-.553
**
-.084
**
.161
** .010 -.014 -.024 .021 .052
*
.045
* .030
Sig. (2-
tailed)
.006 .004 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .639 .491 .255 .323 .012 .030 .146
Pearson 
Correlation
-.057
** 1 -.560
** -.010 -.040 -.058
** -.004 -.026 -.028 -.021 .005 .023 .022 -.003 .026 .032 .028 -.004 -.012 .014 -.004 .017 .003
Sig. (2-
tailed)
.006 .000 .626 .055 .006 .847 .206 .185 .319 .814 .272 .299 .867 .211 .120 .180 .848 .552 .495 .842 .419 .888
Pearson 
Correlation
.061
**
-.560
** 1 -.025 -.001 .014 -.021 .036 .021 .044
* .017 .008 .005 -.023 -.052
* -.040 -.022 .051
* .033 -.007 .014 .009 .003
Sig. (2-
tailed)
.004 .000 .239 .973 .503 .306 .083 .309 .037 .421 .715 .809 .266 .013 .055 .296 .014 .115 .754 .504 .666 .879
Pearson 
Correlation
.293
** -.010 -.025 1 .601
**
.217
**
.248
**
-.051
* .014 -.159
** .015 -.019 .111
**
.121
**
.081
**
.137
**
.124
**
-.214
**
-.092
**
-.130
**
-.106
**
-.083
**
-.105
**
Sig. (2-
tailed)
.000 .626 .239 .000 .000 .000 .014 .513 .000 .486 .374 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000 .000
Pearson 
Correlation
.456
** -.040 -.001 .601
** 1 .251
**
.092
** -.005 -.035 -.032 .202
**
.145
**
.256
** -.016 .086
**
.172
**
.090
**
-.275
**
-.138
**
-.145
**
-.129
**
-.088
**
-.094
**
Sig. (2-
tailed)
.000 .055 .973 .000 .000 .000 .818 .096 .122 .000 .000 .000 .439 .000 .000 .000 .000 .000 .000 .000 .000 .000
Pearson 
Correlation
.141
**
-.058
** .014 .217
**
.251
** 1 .072
** .003 .016 -.073
** .025 -.018 .059
**
.043
*
.051
*
.065
**
.079
**
-.096
**
-.060
**
-.068
**
-.058
**
-.047
*
-.050
*
Sig. (2-
tailed)
.000 .006 .503 .000 .000 .001 .902 .440 .000 .225 .401 .005 .038 .015 .002 .000 .000 .004 .001 .005 .025 .016
Pearson 
Correlation
.074
** -.004 -.021 .248
**
.092
**
.072
** 1 -.046
*
.092
**
-.300
**
-.176
**
-.198
**
-.070
**
.218
**
.086
**
.070
**
.200
**
.201
**
.100
**
.096
**
.117
** .031 .037
Sig. (2-
tailed)
.000 .847 .306 .000 .000 .001 .029 .000 .000 .000 .000 .001 .000 .000 .001 .000 .000 .000 .000 .000 .137 .076
Pearson 
Correlation
.245
** -.026 .036 -.051
* -.005 .003 -.046
* 1 .047
*
.356
**
.216
**
.270
**
.111
**
-.392
**
-.120
** .033 -.082
**
.088
** .037 .077
**
.090
**
.041
*
.046
*
Sig. (2-
tailed)
.000 .206 .083 .014 .818 .902 .029 .026 .000 .000 .000 .000 .000 .000 .110 .000 .000 .073 .000 .000 .049 .027
Pearson 
Correlation
-.095
** -.028 .021 .014 -.035 .016 .092
**
.047
* 1 -.124
**
-.147
**
-.133
**
-.155
**
.080
**
-.054
**
-.060
**
-.049
* .001 -.050
* -.025 -.001 -.043
* -.022
Sig. (2-
tailed)
.000 .185 .309 .513 .096 .440 .000 .026 .000 .000 .000 .000 .000 .009 .004 .018 .959 .017 .224 .979 .041 .291
Pearson 
Correlation
.516
** -.021 .044
*
-.159
** -.032 -.073
**
-.300
**
.356
**
-.124
** 1 .620
**
.633
**
.278
**
-.758
**
-.217
** -.032 -.102
**
.176
** .027 .121
**
.146
**
.093
** .037
Sig. (2-
tailed)
.000 .319 .037 .000 .122 .000 .000 .000 .000 .000 .000 .000 0.000 .000 .128 .000 .000 .203 .000 .000 .000 .078
Pearson 
Correlation
.654
** .005 .017 .015 .202
** .025 -.176
**
.216
**
-.147
**
.620
** 1 .698
**
.762
**
-.698
**
-.114
**
.205
**
.070
**
.044
* -.001 .047
*
.050
*
.074
**
.048
*
Sig. (2-
tailed)
.000 .814 .421 .486 .000 .225 .000 .000 .000 .000 0.000 0.000 0.000 .000 .000 .001 .033 .966 .025 .016 .000 .021
Pearson 
Correlation
.589
** .023 .008 -.019 .145
** -.018 -.198
**
.270
**
-.133
**
.633
**
.698
** 1 .684
**
-.756
**
-.070
** -.040 .087
**
.126
** .003 .124
**
.170
**
.074
** .037
Sig. (2-
tailed)
.000 .272 .715 .374 .000 .401 .000 .000 .000 .000 0.000 0.000 0.000 .001 .053 .000 .000 .902 .000 .000 .000 .072
Pearson 
Correlation
.520
** .022 .005 .111
**
.256
**
.059
**
-.070
**
.111
**
-.155
**
.278
**
.762
**
.684
** 1 -.506
** -.015 .167
**
.255
** -.010 -.016 .014 .027 .032 .015
Sig. (2-
tailed)
.000 .299 .809 .000 .000 .005 .001 .000 .000 .000 0.000 0.000 .000 .461 .000 .000 .640 .435 .511 .193 .131 .472
Pearson 
Correlation
-.553
** -.003 -.023 .121
** -.016 .043
*
.218
**
-.392
**
.080
**
-.758
**
-.698
**
-.756
**
-.506
** 1 .254
**
.127
**
.180
**
-.183
**
-.054
**
-.161
**
-.220
**
-.146
**
-.134
**
Sig. (2-
tailed)
.000 .867 .266 .000 .439 .038 .000 .000 .000 0.000 0.000 0.000 .000 .000 .000 .000 .000 .010 .000 .000 .000 .000
Pearson 
Correlation
-.084
** .026 -.052
*
.081
**
.086
**
.051
*
.086
**
-.120
**
-.054
**
-.217
**
-.114
**
-.070
** -.015 .254
** 1 .053
*
.192
**
-.047
* -.041 -.016 -.042
*
-.055
**
-.064
**
Sig. (2-
tailed)
.000 .211 .013 .000 .000 .015 .000 .000 .009 .000 .000 .001 .461 .000 .011 .000 .025 .050 .439 .044 .009 .002
Pearson 
Correlation
.161
** .032 -.040 .137
**
.172
**
.065
**
.070
** .033 -.060
** -.032 .205
** -.040 .167
**
.127
**
.053
* 1 .148
**
-.076
** -.039 -.065
**
-.074
**
-.042
* -.029
Sig. (2-
tailed)
.000 .120 .055 .000 .000 .002 .001 .110 .004 .128 .000 .053 .000 .000 .011 .000 .000 .060 .002 .000 .042 .158
Pearson 
Correlation
.010 .028 -.022 .124
**
.090
**
.079
**
.200
**
-.082
**
-.049
*
-.102
**
.070
**
.087
**
.255
**
.180
**
.192
**
.148
** 1 -.022 -.079
**
-.068
**
-.064
**
-.143
**
-.192
**
Sig. (2-
tailed)
.639 .180 .296 .000 .000 .000 .000 .000 .018 .000 .001 .000 .000 .000 .000 .000 .292 .000 .001 .002 .000 .000
Pearson 
Correlation
-.014 -.004 .051
*
-.214
**
-.275
**
-.096
**
.201
**
.088
** .001 .176
**
.044
*
.126
** -.010 -.183
**
-.047
*
-.076
** -.022 1 .494
**
.612
**
.461
**
.321
**
.289
**
Sig. (2-
tailed)
.491 .848 .014 .000 .000 .000 .000 .000 .959 .000 .033 .000 .640 .000 .025 .000 .292 .000 .000 .000 .000 .000
Pearson 
Correlation
-.024 -.012 .033 -.092
**
-.138
**
-.060
**
.100
** .037 -.050
* .027 -.001 .003 -.016 -.054
** -.041 -.039 -.079
**
.494
** 1 .475
**
.314
**
.399
**
.348
**
Sig. (2-
tailed)
.255 .552 .115 .000 .000 .004 .000 .073 .017 .203 .966 .902 .435 .010 .050 .060 .000 .000 .000 .000 .000 .000
Pearson 
Correlation
.021 .014 -.007 -.130
**
-.145
**
-.068
**
.096
**
.077
** -.025 .121
**
.047
*
.124
** .014 -.161
** -.016 -.065
**
-.068
**
.612
**
.475
** 1 .677
**
.735
**
.581
**
Sig. (2-
tailed)
.323 .495 .754 .000 .000 .001 .000 .000 .224 .000 .025 .000 .511 .000 .439 .002 .001 .000 .000 .000 0.000 .000
Pearson 
Correlation
.052
* -.004 .014 -.106
**
-.129
**
-.058
**
.117
**
.090
** -.001 .146
**
.050
*
.170
** .027 -.220
**
-.042
*
-.074
**
-.064
**
.461
**
.314
**
.677
** 1 .534
**
.708
**
Sig. (2-
tailed)
.012 .842 .504 .000 .000 .005 .000 .000 .979 .000 .016 .000 .193 .000 .044 .000 .002 .000 .000 .000 .000 0.000
Pearson 
Correlation
.045
* .017 .009 -.083
**
-.088
**
-.047
* .031 .041
*
-.043
*
.093
**
.074
**
.074
** .032 -.146
**
-.055
**
-.042
*
-.143
**
.321
**
.399
**
.735
**
.534
** 1 .690
**
Sig. (2-
tailed)
.030 .419 .666 .000 .000 .025 .137 .049 .041 .000 .000 .000 .131 .000 .009 .042 .000 .000 .000 0.000 .000 0.000
Pearson 
Correlation
.030 .003 .003 -.105
**
-.094
**
-.050
* .037 .046
* -.022 .037 .048
* .037 .015 -.134
**
-.064
** -.029 -.192
**
.289
**
.348
**
.581
**
.708
**
.690
** 1
Sig. (2-
tailed)
.146 .888 .879 .000 .000 .016 .076 .027 .291 .078 .021 .072 .472 .000 .002 .158 .000 .000 .000 .000 0.000 0.000
No_bedrom
Correlations
LnPrice
D_2009
D_2010
Distance_major 
road
No-bathrm
No_garage
Property area
Distanceto nearest 
park_m
Park_Area_neares
t park
Suburb_age
Sub_hou_income
Suburb_Yr12
SEIFA
Suburb_disfrom 
CBD
Distance_to MP4
Pcent_Fpath_TrCo
ver_100m_excl frt
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Distance Heavy I
p_cent_Tree_Cove
r on prop
Pcent_tree 
cover_frt_footpath
pcent tree 
cover_30m_excl_fr
t_fpath
Pcent_treecover 
witih 100m 
prop_excl frt_path
Pcent fpath tcover 
within 30m_excl 
front
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APPENDIX IIb Pearson 2-tailed Correlation matrix – Significant House, Property, 
Suburb and Frontage Street Tree features (N= 459) 
 
 
 
 
  
D_2010
No. 
bedrooms
No. 
Bathroom
s
No. 
garage
property 
Area
D_Park_le
ss200m D_prewar
D_postwa
r Income Educ DistCBD
no. 
footpath 
trees
Powerline
s Height D_poor < D_good >
D_maturin
g D_matur>
D_Specie
s medium
D_specie
s_large
Pearson 
Correlatio
n
1 -.023 .005 .063 -.045 .017 .065 -.018 .059 -.013 -.061 -.089 .031 .028 -.013 -.028 -.002 .012 -.015 .013
Sig. (2-
tailed)
.619 .914 .176 .333 .708 .162 .701 .208 .781 .194 .055 .501 .543 .788 .542 .965 .801 .754 .788
Pearson 
Correlatio
n
-.023 1 .599
**
.174
**
.196
** .046 -.165
** -.056 .027 .014 .167
** -.080 -.105
* -.037 -.092
* .066 .028 -.055 -.021 .080
Sig. (2-
tailed)
.619 .000 .000 .000 .323 .000 .232 .565 .761 .000 .087 .024 .426 .048 .159 .545 .234 .646 .085
Pearson 
Correlatio
n
.005 .599
** 1 .226
** .042 .056 .008 -.252
**
.250
**
.203
** .033 -.109
*
-.168
** -.010 -.064 .076 .055 -.120
** -.084 .134
**
Sig. (2-
tailed)
.914 .000 .000 .369 .228 .861 .000 .000 .000 .481 .019 .000 .833 .168 .102 .242 .010 .073 .004
Pearson 
Correlatio
n
.063 .174
**
.226
** 1 .066 -.006 -.125
** .024 .029 .000 .089 -.017 -.122
** -.059 .022 .102
* .015 -.085 -.060 .096
*
Sig. (2-
tailed)
.176 .000 .000 .155 .893 .007 .599 .534 .997 .055 .709 .009 .207 .634 .028 .752 .070 .196 .039
Pearson 
Correlatio
n
-.045 .196
** .042 .066 1 -.106
*
-.248
**
.152
**
-.129
** -.079 .165
**
.157
** -.035 -.176
** .048 -.003 .021 -.075 -.082 .028
Sig. (2-
tailed)
.333 .000 .369 .155 .022 .000 .001 .005 .091 .000 .001 .459 .000 .306 .950 .660 .109 .077 .556
Pearson 
Correlatio
n
.017 .046 .056 -.006 -.106
* 1 -.108
* -.077 -.201
**
-.158
**
.298
** -.061 -.191
** -.032 .007 .081 .178
**
-.217
** .035 -.008
Sig. (2-
tailed)
.708 .323 .228 .893 .022 .020 .099 .000 .001 .000 .189 .000 .489 .876 .082 .000 .000 .453 .869
Pearson 
Correlatio
n
.065 -.165
** .008 -.125
**
-.248
**
-.108
* 1 -.690
**
.640
**
.553
**
-.638
** -.018 .187
**
.211
** -.077 -.088 -.064 .183
** -.009 -.031
Sig. (2-
tailed)
.162 .000 .861 .007 .000 .020 .000 .000 .000 .000 .693 .000 .000 .098 .059 .172 .000 .843 .510
Pearson 
Correlatio
n
-.018 -.056 -.252
** .024 .152
** -.077 -.690
** 1 -.527
**
-.474
**
.224
** .083 .059 -.121
** .058 -.066 -.135
** .005 -.073 -.014
Sig. (2-
tailed)
.701 .232 .000 .599 .001 .099 .000 .000 .000 .000 .074 .207 .009 .213 .155 .004 .918 .116 .764
Pearson 
Correlatio
n
.059 .027 .250
** .029 -.129
**
-.201
**
.640
**
-.527
** 1 .714
**
-.676
** -.026 .135
**
.149
**
-.096
* .008 -.063 .150
** -.029 .071
Sig. (2-
tailed)
.208 .565 .000 .534 .005 .000 .000 .000 .000 .000 .582 .004 .001 .040 .860 .175 .001 .529 .126
Pearson 
Correlatio
n
-.013 .014 .203
** .000 -.079 -.158
**
.553
**
-.474
**
.714
** 1 -.716
** -.031 .063 .171
** -.090 -.052 -.126
**
.187
** -.009 .029
Sig. (2-
tailed)
.781 .761 .000 .997 .091 .001 .000 .000 .000 .000 .501 .176 .000 .054 .270 .007 .000 .847 .530
Pearson 
Correlatio
n
-.061 .167
** .033 .089 .165
**
.298
**
-.638
**
.224
**
-.676
**
-.716
** 1 .009 -.323
**
-.203
** .062 .082 .188
**
-.293
** .030 .012
Sig. (2-
tailed)
.194 .000 .481 .055 .000 .000 .000 .000 .000 .000 .839 .000 .000 .186 .078 .000 .000 .522 .797
Pearson 
Correlatio
n
-.089 -.080 -.109
* -.017 .157
** -.061 -.018 .083 -.026 -.031 .009 1 .090 -.054 .185
** .002 .061 -.019 .003 -.078
Sig. (2-
tailed)
.055 .087 .019 .709 .001 .189 .693 .074 .582 .501 .839 .053 .244 .000 .972 .193 .687 .949 .096
Pearson 
Correlatio
n
.031 -.105
*
-.168
**
-.122
** -.035 -.191
**
.187
** .059 .135
** .063 -.323
** .090 1 -.091 .070 -.111
* -.089 .124
** -.065 -.128
**
Sig. (2-
tailed)
.501 .024 .000 .009 .459 .000 .000 .207 .004 .176 .000 .053 .051 .131 .017 .056 .008 .164 .006
Pearson 
Correlatio
n
.028 -.037 -.010 -.059 -.176
** -.032 .211
**
-.121
**
.149
**
.171
**
-.203
** -.054 -.091 1 -.108
* .001 -.078 .459
** .066 .180
**
Sig. (2-
tailed)
.543 .426 .833 .207 .000 .489 .000 .009 .001 .000 .000 .244 .051 .020 .988 .095 .000 .155 .000
Pearson 
Correlatio
n
-.013 -.092
* -.064 .022 .048 .007 -.077 .058 -.096
* -.090 .062 .185
** .070 -.108
* 1 -.154
** -.040 .042 .061 -.009
Sig. (2-
tailed)
.788 .048 .168 .634 .306 .876 .098 .213 .040 .054 .186 .000 .131 .020 .001 .394 .363 .192 .850
Pearson 
Correlatio
n
-.028 .066 .076 .102
* -.003 .081 -.088 -.066 .008 -.052 .082 .002 -.111
* .001 -.154
** 1 .057 -.087 -.127
** .006
Sig. (2-
tailed)
.542 .159 .102 .028 .950 .082 .059 .155 .860 .270 .078 .972 .017 .988 .001 .226 .063 .006 .891
Pearson 
Correlatio
n
-.002 .028 .055 .015 .021 .178
** -.064 -.135
** -.063 -.126
**
.188
** .061 -.089 -.078 -.040 .057 1 -.682
** .017 -.073
Sig. (2-
tailed)
.965 .545 .242 .752 .660 .000 .172 .004 .175 .007 .000 .193 .056 .095 .394 .226 .000 .717 .118
Pearson 
Correlatio
n
.012 -.055 -.120
** -.085 -.075 -.217
**
.183
** .005 .150
**
.187
**
-.293
** -.019 .124
**
.459
** .042 -.087 -.682
** 1 .076 .064
Sig. (2-
tailed)
.801 .234 .010 .070 .109 .000 .000 .918 .001 .000 .000 .687 .008 .000 .363 .063 .000 .104 .172
Pearson 
Correlatio
n
-.015 -.021 -.084 -.060 -.082 .035 -.009 -.073 -.029 -.009 .030 .003 -.065 .066 .061 -.127
** .017 .076 1 -.568
**
Sig. (2-
tailed)
.754 .646 .073 .196 .077 .453 .843 .116 .529 .847 .522 .949 .164 .155 .192 .006 .717 .104 .000
Pearson 
Correlatio
n
.013 .080 .134
**
.096
* .028 -.008 -.031 -.014 .071 .029 .012 -.078 -.128
**
.180
** -.009 .006 -.073 .064 -.568
** 1
Sig. (2-
tailed)
.788 .085 .004 .039 .556 .869 .510 .764 .126 .530 .797 .096 .006 .000 .850 .891 .118 .172 .000
D_poor <
D_good >
D_maturin
g
D_matur>
D_Specie
s medium
D_specie
s_large
No. 
Bathroom
s
No. 
garage
property 
Area
D_Park_le
ss200m
D_prewar
D_postwa
r
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
DistCBD
no. 
footpath 
trees
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s
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Income
Educ
Correlations
D_2010
No. 
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APPENDIX IIc Pearson 2-tailed Correlation matrix – Significant House, Property, 
Suburb and Nearby Street Tree features (N= 1882) 
 
 
 
  
D_2010
No__bedr
ooms
No__bathr
ooms
No_garag
e
Property_A
rea_sq_m
D_Park_le
ss 200m D_Prewar
D_Postwa
r
Sub_hou_
income
Suburb_Yr
12
Suburb_di
sfrom 
CBD
D_Aged_
Mature
D_Juv_Ne
w
S_W_Dive
rsity Richness Av_Hgt
COUNT 
OF TREES
Pearson 
Correlatio
n
1 -.015 -.003 .000 -.025 -.035 .016 .026 .019 .013 -.034 .033 -.025 -.012 -.023 -.008 -.048
*
Sig. (2-
tailed)
.527 .880 .984 .273 .134 .480 .262 .421 .579 .136 .152 .278 .591 .323 .714 .039
Pearson 
Correlatio
n
-.015 1 .592
**
.223
**
.225
** .028 -.103
**
-.046
* .017 -.012 .128
**
-.165
**
.055
* -.035 -.056
* -.041 .028
Sig. (2-
tailed)
.527 .000 .000 .000 .227 .000 .047 .461 .604 .000 .000 .018 .126 .014 .075 .217
Pearson 
Correlatio
n
-.003 .592
** 1 .245
**
.064
** .005 .009 -.120
**
.201
**
.157
** -.011 -.137
** .033 .010 -.013 -.036 .037
Sig. (2-
tailed)
.880 .000 .000 .005 .832 .696 .000 .000 .000 .646 .000 .153 .654 .583 .123 .109
Pearson 
Correlatio
n
.000 .223
**
.245
** 1 .064
** -.013 -.058
* -.003 .027 -.016 .049
*
-.052
* .016 .009 -.006 -.047
* .002
Sig. (2-
tailed)
.984 .000 .000 .006 .567 .012 .893 .249 .488 .034 .025 .478 .705 .798 .039 .948
Pearson 
Correlatio
n
-.025 .225
**
.064
**
.064
** 1 -.005 -.267
**
.149
**
-.177
**
-.194
**
.232
**
-.094
**
.170
** .030 .000 -.110
** -.003
Sig. (2-
tailed)
.273 .000 .005 .006 .812 .000 .000 .000 .000 .000 .000 .000 .197 .992 .000 .883
Pearson 
Correlatio
n
-.035 .028 .005 -.013 -.005 1 -.095
**
-.101
**
-.186
**
-.217
**
.355
**
-.124
** .028 -.061
** -.035 -.043 .120
**
Sig. (2-
tailed)
.134 .227 .832 .567 .812 .000 .000 .000 .000 .000 .000 .222 .008 .128 .059 .000
Pearson 
Correlatio
n
.016 -.103
** .009 -.058
*
-.267
**
-.095
** 1 -.693
**
.501
**
.421
**
-.454
**
.149
**
-.103
** .008 .022 .141
**
-.055
*
Sig. (2-
tailed)
.480 .000 .696 .012 .000 .000 .000 .000 .000 .000 .000 .000 .742 .336 .000 .017
Pearson 
Correlatio
n
.026 -.046
*
-.120
** -.003 .149
**
-.101
**
-.693
** 1 -.304
**
-.260
** .006 -.016 .083
** .018 -.004 -.091
**
-.169
**
Sig. (2-
tailed)
.262 .047 .000 .893 .000 .000 .000 .000 .000 .804 .483 .000 .423 .877 .000 .000
Pearson 
Correlatio
n
.019 .017 .201
** .027 -.177
**
-.186
**
.501
**
-.304
** 1 .672
**
-.684
**
.061
**
-.109
**
.071
**
.060
**
.090
**
-.076
**
Sig. (2-
tailed)
.421 .461 .000 .249 .000 .000 .000 .000 .000 .000 .008 .000 .002 .009 .000 .001
Pearson 
Correlatio
n
.013 -.012 .157
** -.016 -.194
**
-.217
**
.421
**
-.260
**
.672
** 1 -.741
**
.120
** -.037 .060
**
.067
**
.105
**
-.083
**
Sig. (2-
tailed)
.579 .604 .000 .488 .000 .000 .000 .000 .000 0.000 .000 .113 .009 .004 .000 .000
Pearson 
Correlatio
n
-.034 .128
** -.011 .049
*
.232
**
.355
**
-.454
** .006 -.684
**
-.741
** 1 -.239
**
.080
**
-.073
**
-.057
*
-.115
**
.188
**
Sig. (2-
tailed)
.136 .000 .646 .034 .000 .000 .000 .804 .000 0.000 .000 .001 .002 .014 .000 .000
Pearson 
Correlatio
n
.033 -.165
**
-.137
**
-.052
*
-.094
**
-.124
**
.149
** -.016 .061
**
.120
**
-.239
** 1 -.016 .333
**
.360
**
.274
**
.247
**
Sig. (2-
tailed)
.152 .000 .000 .025 .000 .000 .000 .483 .008 .000 .000 .495 .000 .000 .000 .000
Pearson 
Correlatio
n
-.025 .055
* .033 .016 .170
** .028 -.103
**
.083
**
-.109
** -.037 .080
** -.016 1 .271
**
.266
**
-.283
**
.225
**
Sig. (2-
tailed)
.278 .018 .153 .478 .000 .222 .000 .000 .000 .113 .001 .495 .000 .000 .000 .000
Pearson 
Correlatio
n
-.012 -.035 .010 .009 .030 -.061
** .008 .018 .071
**
.060
**
-.073
**
.333
**
.271
** 1 .840
** -.017 .568
**
Sig. (2-
tailed)
.591 .126 .654 .705 .197 .008 .742 .423 .002 .009 .002 .000 .000 0.000 .457 .000
Pearson 
Correlatio
n
-.023 -.056
* -.013 -.006 .000 -.035 .022 -.004 .060
**
.067
**
-.057
*
.360
**
.266
**
.840
** 1 .020 .746
**
Sig. (2-
tailed)
.323 .014 .583 .798 .992 .128 .336 .877 .009 .004 .014 .000 .000 0.000 .377 0.000
Pearson 
Correlatio
n
-.008 -.041 -.036 -.047
*
-.110
** -.043 .141
**
-.091
**
.090
**
.105
**
-.115
**
.274
**
-.283
** -.017 .020 1 -.014
Sig. (2-
tailed)
.714 .075 .123 .039 .000 .059 .000 .000 .000 .000 .000 .000 .000 .457 .377 .535
Pearson 
Correlatio
n
-.048
* .028 .037 .002 -.003 .120
**
-.055
*
-.169
**
-.076
**
-.083
**
.188
**
.247
**
.225
**
.568
**
.746
** -.014 1
Sig. (2-
tailed)
.039 .217 .109 .948 .883 .000 .017 .000 .001 .000 .000 .000 .000 .000 0.000 .535
COUNT 
OF TREES
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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APPENDIX III Diagnostics of the Tree cover OLS residuals 
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APPENDIX IVa City comparative survey spreadsheets  
Melbourne 
 
 
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011) - Melbourne Urban Forest Strategy- Street trees
Criteria Rating Verify Comments Reference
Relative canopy cover
X Measured as part of Urban Forest Strategy 2012 prep
10.2% tree canopy cover in road network , 11% city 
wide canopy cover;22% public realm canopy cover
Age distribution 
X Assessed 2011
Species suitability
X Diversity guidelines
Dobbs et al 2013
Species diversity
X
Tree condition
X Assessed 2011 + useful life expectancy
Publicly owned natural areas N/A
Native vegetation N/A
Criteria Rating Verify Comments Reference
Public agency co-operation X Urban Forest Strategy endorsed as complementary 
to open Space Strategy and supporting Future 
Melbourne Community Plan and Coucil Plan
Drivers= sustainability, liveability, climate change 
resilience, health, well-being
Support from Mayor; plus parks, planning, transport, 
sustainability, urban design, water and asset 
support
Involvement of large private land holders N/A N/A
Green industry cooperation ? Contract specifications and planning regulations 
promoting high standards???
Neighbourhood Action X Exemplar community engagement. Award winning 
Strategy. Built from both sound science evidence, 
community input, precinct planning participation; 
testimonials and participation in Urban Forest 
Visual and workshops;
Citizen Forester program
Melb Urban Forest Strategy and Precinct 
Plans
Citizen- municipality- business interaction X Urban Forest Strategy built with input and ongoing 
support from community, business, developers and 
government
Awareness of trees as a Community resource X positive feedback and participation levels in 
Precinct planning, workshops, Urban Forest Visual, 
and project implementation.
Supported by ongoing research partnerships  
promoting mulitfunctional, good value for money 
asset
Regional Cooperation ? Collective assessment of urban forest values began 
with Melbourne Urban Forest Accord- regional 
engagement
Current benefit valuations involving collaborative 
projects with adjacent shires
Engagament with state level agencies- National 
Trust(Vic), and other Melb municipal neighbours
Criteria Rating Verify Comments Reference
Tree inventory X
tree risk 
profile?
Inventory last completed 2011?
Canopy cover assessment X Mapping of canopy cover: plus UHI mapping and 
urban forest profile mapping
Citywide management X Melb Urban Forest Strategy 2012-2032
Municipal funding X Delivery in partnership with developers, business 
and community
City staffing X Urban Landscapes unit- policy, planning, 
engagement, implementation;
Contractors and partners delivery
Tree establishment planning and implementation X Precinct planning with local community;
Boulevard Master Plans
Driven by aging, vulnerable tree population and incr 
population growth
Tree habitat suitability X Diversity Guidelines: species fact sheets;
Street tree species trials;
Urban Ecology and Biodiversity Strategy;
Growing Green Guide for Melbourne
Tree Maintenance X Proactve and request maintenance including pest 
and disease mgt; succession planning; 
Tree risk management ? Tree retention & removal policy guidance
Tree protection X Tree Protection Guidelines;
ExceptionalTree Register in planning scheme
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs https://www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/About.aspx
Dobbs, C., et al. (2013). "The effects of land tenure and land use on the urban forest structure and composition of Melbourne." Urban Forestry & Urban Greening 12(4): 417-425.
Coutts, A., et al. (2015). "Temperature and human thermal comfort effects of street trees across three contrasting street canyon environments." Theoretical and Applied Climatology: 1-14.
Pyper,W. (2004). "Do Greener Cities mean healthier people?". ECOS 119
Commonwealth of Australia. 2013. "State of Australian Cities Report 2013". Australian Government, Department of Infrastructure and Regional Planning. Canberra, ACT
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Coutts etal 2015
Pyper 2004
Water Sensitive Cities CRC
State of Australian Cities 2013
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Integrated goals and action
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
Maintenance for maximum benefits, tree health/condition and longevity
Regional planning, management and co-ordination
Resource Management
Objective
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
Genetically diverse tree population
Detailed understanding of tree condition and risk
Diversity + condition assessed 2011; additional 
suitable species suggested in Diversity Guidelines 
by TreeLogic ans Aspect ; and in Dobbs et al 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
State of Australian Cities Report 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
Objective
Inventory data including age, distribution,species mix,tree condition and 
risk assessment
High resolution assessments of existing and potential Dobbs et al 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Stewardship plan, sustaining ecological function
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and 
distribution objectives
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London 
 
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011) - London LM Street Tree Initiative 2008-2015
Criteria Rating Verify Comments Reference
Relative canopy cover X
The Canopy* 2011
Age distribution ?
The Mayor’s Street Tree Programme: Final 
Evaluation Report: 2008 to 2012
Species suitability X
Species diversity limited
www.london.gov.uk/priorities/environment/
greening-london/re-leaf
Tree condition ? www.forestry.gov.uk/london-itree
Publicly owned natural areas N/A
Native vegetation N/A
Criteria Rating Verify Comments Reference
Public agency co-operation X Dept of Transport; DEFRA; The Forestry 
Commission; Dept of Communities and 
Local Govt; GLA co-op across - Transport 
for London, Parks, Energy, Biodiversity, 
London Plan, London Climate Change 
Partnership, Waste Management; Royal 
Parks; National Joint Utilities Group 
(NJUG); research institutions
The Canopy* 2011
London Tree and Woodland Framework 2005
Involvement of large private land holders N/A N/A
Green industry cooperation
X
Commitment from LTOA; Arboricultural 
Association - registered arborists, 
arboicultural consultants, urban 
designers, landscape architects
The Canopy* 2011
Neighbourhood Action X LMSTP grant uptake by community/local 
resident associations?;
Tree Council's Tree Warden System; 
Support for Croydon Bio-
Energy/recycling; 
Voxpop Survey results for LMSTP;
London Tree Week and Awards 2015- 
Street Tree Award
London Tree and Woodland Framework
www.london.gov.uk/priorities/environment/
greening-london/re-leaf
Citizen- municipality- business interaction X Engagement and shared vision 
promoted across public and private 
sector - planners, developers, insurers, 
land managers and designers; 
associations -CABE; Natural England; 
Forestry Commission; buisness Districts 
(Victoria); Groundwork; national Urban 
Forestry unit
Engagement across  LTOA; Trees for 
Cities; Trees for London; Trees and 
Design Action Group; Treeconomics
The Canopy* 2011
Victoria BID - i-Tree Assessment 
London Tree and Woodland Framework
Awareness of trees as a Community resource X Based on a) the number of not for profit 
urban tree groups and b) awareness 
raising material and reported support 
for RE:Leaf 2011 and Mayors STPI 
Regional Cooperation X Regional co-ordination - CABE; Natural 
England; Forestry Commission; 
"Regional Forestry Frameworks"
Criteria Rating Verify Comments Reference
Tree inventory X Tree Survey 1993; i-Tree survey 2014: 
Borough based 
inventory/plans/strategies and risk 
management
London Tree and Woodland Framework;
http://www.forestry.gov.uk/london-itree
Victoria BID - i-Tree Assessment - including 
CAVAT and GI Valuation Tool
Canopy cover assessment X priorities in MSTI sourced from remote 
sensed imagery (tree cover, noise, air 
quality and UHI), overlaid with socio-
econ & health profiles
The Canopy 2011; 
Forestry Commission 2012 evaluation report- 
LMSTP; LMSTI Map - website
Citywide management X Borough's Tree Strategies;
update on Trees and Woodland Strategy 
2005?
Lawrence et al 2013
Municipal funding ? 7 million pound project funding - over 
7? years for 20,000 trees;
all tree maintenance borough based 
and funded from taxes/rates?
http://www.london.gov.uk/priorities/enviro
nment/greening-london/re-leaf
City staffing X GLA- policy planning at city-wide scale; 
Borough based planning, delivery & 
contractors
Tree establishment planning and implementation X Borough delivered projects- monitored 
by Forestry Commission- technical 
adaptations implemented, including 
amendment from the priority areas 
where planting was highly constrained
The Mayor’s Street Tree Programme: Final 
Evaluation Report: 2008 to 2012
Tree habitat suitability X LMSTP species matching - responsibility 
of boroughs
The Canopy and it's supporting Tree 
Knowledge references; The Mayor’s Street 
Tree Programme: Final Evaluation Report: 
2008 to 2012
Tree Maintenance X Borough based delivery Britt & Johnston 2008
Tree risk management X Tree root management supported by 
research publications and LTOA Joint 
Mitigation protocol 2008;
Borough based plans/strategies and risk 
management
Roberts et al 2006
Tree protection X Tree Protection Orders; Nature 
Conservation sites; Areas of Special 
Conservation; Heritage Landscapes
Trees and Woodland Strategy 2005
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs * City of London 2011 "The Canopy - London's Urban Forest: A guide for Designers Planners and Developers". Trees & Design Action Group. London
The Mayor’s Street Tree Programme: Final Evaluation Report: 2008 to 2012
Greater London Authority 2005. A Tree and Woodland Framework for London. 
Roberts, J., N. Jackson, M. Smith. 2006. Tree Roots in the Built Environment. Research for Amenity Trees No8 - Dept of Communities and Local Government
Rogers, K., A.Jaluzot, C. Neilan 2011. Green Benefits in Victoria Business Improvement District.  
Lawrence, A., et al. 2013. "Urban forest governance: Towards a framework for comparing approaches." Urban Forestry & Urban Greening 12(4): 464-473. 
Britt, C., M. Johnston 2008 Trees in towns II: A new survey of urban trees in England and their condition and management. Research for Amenity Trees. Department for Communities and Local Government, London
Objective
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
London Mayor 2011 quotes-"one of the 
greenest cities in the world" (20% 
canopy cover)
London Tree and Woodland Framework 
2005- which quotes London Tree Survey 
1993 data- including "limited diversity 
of street tree species"; some 
statements in London Biodiversity 
Strategy; 2014 London i-Tree 
assessment(yet to be reported);
Varying levels of borough based data
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Genetically diverse tree population
Detailed understanding of tree condition and risk
Maintenance for maximum benefits, tree health/condition and 
longevity
Regional planning, management and co-ordination
Resource Management
Objective
Inventory data including age, distribution,species mix,tree condition 
and risk assessment
High resolution assessments of existing and potential
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and 
distribution objectives
Stewardship plan, sustaining ecological function
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
Integrated goals and action
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
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Sacramento 
 
 
 
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011) - Sacramento Shade Tree Program- Street trees
Criteria Rating Verify Comments Reference
Relative canopy cover X
McPherson 1998
Age distribution X
American Forests website-10 best UF cities 
Fact Sheet
Species suitability ? 1996- State of the Urban Forest Reprt- CUFR
Species diversity ?
Tree condition X
Publicly owned natural areas N/A
Native vegetation N/A
Criteria Rating Verify Comments Reference
Public agency co-operation X Within City of Sacramento- Department of Pubic 
Works, Mayor's commitment to Climate Protection 
Agreement, and planning dept in relation to 
development standards for car park shade and tree 
canopy provision
Involvement of large private land holders N/A N/A
Green industry cooperation X Standards for planting and care published on  City of 
Sacramento website& STF website
http://www.sactree.com/ 
Neighbourhood Action X Particularly through the SMUD/STF trees on private 
property for energy conservation and cooling. 
Extends to schools, parks and open space- and 
NeighborWoods- streets? Stewardship?
http://www.sactree.com/ 
Citizen- municipality- business interaction X Long, successful history of SMUD-STF-City 
partnership in planting programs, business and 
community outreach, regional strategic planning
Awareness of trees as a Community resource X Assisted by STF partnerships with CUFR and 
translation of research to both investment programs 
and commuity advocacy and participation. Practical 
applications= Events, Tree Tours, skills building, 
award celebrations
Regional Cooperation X Greenprint 2005 - exemplar regional strategy - 
covering 22 cities, including Sacramento, and 6 
counties- supported by Sacramento Municipal Air 
Quality Mgt District, Sacrmento Area Council of 
Governments, California Dept of Froestry and Fire 
Protection, California ReLeaf
Sacremto Tree Foundation (STF) Greenprint
Criteria Rating Verify Comments Reference
Tree inventory ? Update 
since 2009
2009 inventory - 71,463 street trees, plus up to 
85,000 more in utility easements maintained by 
property owners
Seamans 2013
American Forests website-10 best UF cities 
Fact Sheet
Canopy cover assessment ? Updated 
measure 
since 2005
Measured and reported - last measure 2005? American Forests website-10 best UF cities 
Fact Sheet
Greenprint 2005 
http://www.sactree.com/pages/30
Citywide management X Urban Forest Management Plan 1994, includes 
115,000 street,park and city facility trees.Supported 
since by Greenprint 2005 aspirations/actions/steps
City of Sacramento - website
Municipal funding X Provides for planting 1-2,000 new street trees 
annually? Plus proactive and reactive maintenance.
SMUD investment on private property shade tree 
planting with STF $1.5m per year since 1990 
City of Sacramento - website
City staffing X Reported 27 FT staff, plus City Forester + contractors American Forest - Top 10 UF cities - Quick Fact 
sheet
Tree establishment planning and implementation X Strong action plan for shade tree 
expansion/planting, supported by 
care/establishment services and citizen 
engagement
Tree habitat suitability ? Most site species matching work done for private 
property- maximising energy savings/cooling.
Spillover to street tree species site matching?
http://portal.cityofsacramento.org/Public-
Works/Maintenance-Services/Trees/Street-
Tree-List
Tree Maintenance X 
Survival 
rate 
measures
?
Strong action plan for shade tree 
expansion/planting, supported by 
care/establishment services and citizen 
engagement. 
City of Sacramento - website
Tree risk management X Proactive maintenance describes risk assessment 
and formative pruning cycles
City of Sacramento - website
Tree protection X
Tree Ordinances and development controls
American Forest - Top 10 UF cities - Quick Fact 
sheet
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs http://www.americanforests.org/our-programs/urbanforests/10-best-cities-for-urban-forests/10-best-cities-for-urban-forests-sacramento/sacramento-urban-forest-fact-sheet/
http://www.sactree.com/
Silvera Seamans, G. (2013). "Mainstreaming the environmental benefits of street trees." Urban Forestry & Urban Greening 12(1): 2-11.
McPherson, E. G., et al. (1998). "Estimating cost effectiveness of residential yard trees for improving air quality in Sacramento, California, using existing models." Atmospheric Environment 32(1): 75-84.
Greenprint 2005 http://www.sactree.com/pages/30
https://www.smud.org/en/residential/environment/shade-trees/
http://portal.cityofsacramento.org/Public-Works/Maintenance-Services/Trees/Programs
www.coolcalifornia.org   Case study:Sacramento Tree Foundation - accessed 29/04/2015
http://portal.cityofsacramento.org/Public-Works/Maintenance-
Services/Trees/Programs
American Forests website-10 best UF cities Fact Sheet
http://www.sactree.com/
www.coolcalifornia.org   Case study:Sacramento Tree Foundation - 
accessed 29/04/2015
https://www.smud.org/en/residential/environment/shade-trees/
http://www.sactree.com/
Centre for urban Forest Research-Davis
Sacramento Urban Forest Task Force 1996
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Integrated goals and action
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
Maintenance for maximum benefits, tree health/condition and longevity
Regional planning, management and co-ordination
Resource Management
Objective
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
Canopy cover measures and goals. Structure, 
composition and condition, functions and 
ecosystem services values (air quality, cooling and 
energy conservation)- vintage around 1994, 1996 
and 1998- some remeasures completed for 
Greenprint 2005- next measures scheduled for 2014
Suggested species to diversify pubished in 
McPherson 1998. Progress towards more diverse 
and adpated species??
"Quality" rated "better than normal" in Am Forests 
Top10 cities assessment
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Genetically diverse tree population
Detailed understanding of tree condition and risk
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
McPherson,E.G 1998. "Structure and Sustainability of Sacramentos Urban Forest". Journal of Arboriculture. 24(4);174-190
Sacramento Urban Forest Task Force 1996. State of the urban Forest Report 1996. City of Sacramento/Sacramento Tree Foundation, Sac. CA
Stewardship plan, sustaining ecological function
Objective
Inventory data including age, distribution,species mix,tree condition and risk 
assessment
High resolution assessments of existing and potential
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and distribution 
objectives
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New York City 
 
 
  
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011)
Criteria Rating Verify Comments Reference
Relative canopy cover X
Age distribution X
Species suitability X
Species diversity X
Tree condition X
Publicly owned natural areas N/A
Native vegetation N/A
Criteria Rating Verify Comments Reference
Public agency co-operation X planNYC shared vision (now called ONENYC)
plus Building and Works regulations
Wells 2014 in  Trees,People and the Built 
Environment - 
www.nycgovparks.org/trees
http://www1.nyc.gov/html/onenyc/index.ht
ml
Involvement of large private land holders N/A N/A
Green industry cooperation X Standards for nursery stock & tree care specifications for contractors www.nycgovparks.org/trees
Neighbourhood Action X Strong citizen stewardship fostered by Million TreesNYC and DPRs 
Neighbourhood Urban Forest Management Plans; and research & outreach of 
Campbell, Svendson et al  on civic stewardship www.milliontreesnyc.org
Citizen- municipality- business interaction X Strong public-private partnerships facilitated by non-profits including 
NYRestoration Project, TreesNY, NY Tree Trust.  millionTrees NYC Advisory 
Comm
www.milliontreesnyc.org
www.treesny.org
Awareness of trees as a Community resource X Outreach  through NYC Parks & partners non-profits www.milliontreesnyc.org
www.treesny.org
Regional Cooperation
X Regional (state) co-operation via New York State Urban Forestry Council and DEC 
Co-operative research with USDA Forest Service- Urban Forest Field Station
Funded partnership- TreesNY with NY Dept of Env. re stormwater control 
projects
New York State Dept of Environment support 
for TreesNY Stormwater Veg Control projects 
www.treesny.org/stormwater
Criteria Rating Verify Comments Reference
Tree inventory X Regular reassessment-TreeCount2015
Peper et al 2007 
Canopy cover assessment X High res canopy cover assessment - current and potential via US Forest Service Wells 2014 in 
Citywide management ? Neighbourhood and park specific management plans. City-wide urban forest 
management plan??
www.nycgovparks.org/trees
Municipal funding X Million Trees NYC additional funding since 2007 ($241m over 8 years to deliver 
220,000 extra street trees and 800 greenstreets) supplemented by 
sponsorships/donations (Bloomberg,Rockefeller & NYRP donors- extra $35m?) 
Adequate funding to maintain existing and increasing street tree population??
www.milliontreesnyc.org Campbell, L.K 2015* 
City staffing X Borough Foresters, NYC DPR Directors of Street Tree Planting; Tree Preservation- 
and contractors. Volunteer training- Citizen Pruners (TreesNY), Planters, 
Adopters and interns (milliontrees NYC)
Tree establishment planning and implementation X Standards for nursery stock & Planting & tree survival monitoring 
www.nycgovparks.org/trees Lu,J.W.T 2010
Tree habitat suitability X Street tree species list www.nycgovparks.org/street-tree-planting
Tree Maintenance X
www.nycgovparks.org/street-tree-planting Wells, M 2014#
Tree risk management X Peper et al 2007 
Tree protection X Tree Preservation Best Practice & Protocol for Permits and Plan Review & 
promotion of significant trees "Great Trees of NYC" www.nycgovparks.org/street-tree-planting
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs *Campbell, L.K 2015* "Constructing New York City's urban Forest" in Urban Forests, Trees and Greenspace- A political ecology Perspective edited by Sandberg, L.R; Bardekjian, A; Butt, S
Wells, M 2014# "Using urban forestry research in New York City" in Trees, People and the Built Environment 2, Conference proceedings, edited by Johnston,M & Percival,G
Lu, J.W.T., Svendsen, E.S., Campbell, L.K., Greenfield, J.,Braden, J., King, K.L. and Falxsa-Raymond, N. 2010 "Biological, social, and urban design factors affecting young street tree mortality in New York City". Cities andthe Environment 3(1), article 5. 
Rae, R.A., Simon, G. and Braden, J. 2010. "Public reactions to new street tree planting". Cities and the Environment 3(1),
Campbell, L & Wiesen, A 2009 eds of "Restorative Commons: Creating health and Well-being through Urban landscapes" USDA Forest Service PA.
Stewardship plan, sustaining ecological function
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Maintenance for maximum benefits, tree health/condition and longevity
Regional planning, management and co-ordination
Resource Management
Objective
Inventory data including age, distribution,species mix,tree condition and risk 
assessment
High resolution assessments of existing and potential
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and distribution 
objectives
Objective
Peper et al 2007 - New York City, New York Municipal Forest Resource Analysis
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
Integrated goals and action
2005-06 Tree census; Measured, STRATUM analysed and reported in 2007
Borough based management; assisted by Forestry Management system ForMS- 
including storm response; 
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Genetically diverse tree population
Detailed understanding of tree condition and risk
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
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APPENDIX IVb City comparative survey response verifications 
Melbourne 
 
 
 
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011) - Melbourne Urban Forest Strategy- Street trees
Criteria Rating Verify Comments Reference
Relative canopy cover
X
yes
Measured as part of Urban Forest Strategy 2012 prep
10.2% tree canopy cover in road network , 11% city 
wide canopy cover;22% public realm canopy cover
Age distribution 
X
yes
(Assessed 2011) All trees assessed annually or 
biennially with age updated at time of assessment
Species suitability
X
yes
Diversity guidelines
Dobbs et al 2013
Species diversity
X
yes
Tree condition
X
yes
Assessed 2011 + useful life expectancy. All trees 
assessed annually or biennially 
Publicly owned natural areas N/A
Native vegetation N/A
Criteria Rating Verify Comments Reference
Public agency co-operation X
yes
Urban Forest Strategy endorsed as complementary 
to open Space Strategy and supporting Future 
Melbourne Community Plan and Coucil Plan
Drivers= sustainability, liveability, climate change 
resilience, health, well-being
Support from Mayor; plus parks, planning, transport, 
sustainability, urban design, water and asset 
support
Involvement of large private land holders N/A N/A
Green industry cooperation X
yes
Contract specifications and planning regulations 
promoting high standards??? Collaboration with 
NGIA and NGIV.  Growing Green Guide.
Neighbourhood Action X
yes
Exemplar community engagement. Award winning 
Strategy. Built from both sound science evidence, 
community input, precinct planning participation; 
testimonials and participation in Urban Forest 
Visual and workshops;
Citizen Forester program
Melb Urban Forest Strategy and Precinct 
Plans
Citizen- municipality- business interaction X
yes
Urban Forest Strategy built with input and ongoing 
support from community, business, developers and 
government
Awareness of trees as a Community resource X
yes
positive feedback and participation levels in 
Precinct planning, workshops, Urban Forest Visual, 
and project implementation.
Supported by ongoing research partnerships  
promoting mulitfunctional, good value for money 
asset
Regional Cooperation X
yes
Collective assessment of urban forest values began 
with Melbourne Urban Forest Accord- regional 
engagement
Current benefit valuations involving collaborative 
projects with adjacent shires
Engagament with state level agencies- National 
Trust(Vic), and other Melb municipal neighbours. 
Collaboration with State Govenment on UF projects 
such as 'How to grow an urban forest'
Criteria Rating Verify Comments Reference
Tree inventory X
yes
Inventory last completed 2011? All trees assessed 
annually or biennially that includes all inventory 
data listed in purple
Canopy cover assessment X
yes
Mapping of canopy cover: plus UHI mapping and 
urban forest profile mapping. Annual mapping
Citywide management X
yes
Melb Urban Forest Strategy 2012-2032
Municipal funding X
yes
Delivery in partnership with developers, business 
and community
City staffing X
yes
Urban Landscapes unit- policy, planning, 
engagement, implementation;
Contractors and partners delivery
Tree establishment planning and implementation X
yes
Precinct planning with local community;
Boulevard Master Plans
Driven by aging, vulnerable tree population and incr 
population growth
Tree habitat suitability X
yes
Diversity Guidelines: species fact sheets;
Street tree species trials;
Urban Ecology and Biodiversity Strategy;
Growing Green Guide for Melbourne
Tree Maintenance X
yes
Proactve and request maintenance including pest 
and disease mgt; succession planning; 
Tree risk management X
yes
Tree retention & removal policy guidance. All trees 
assessed annually or biennially with tree risk 
Tree protection X
yes
Tree Protection Guidelines;
ExceptionalTree Register in planning scheme
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs https://www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/About.aspx
Dobbs, C., et al. (2013). "The effects of land tenure and land use on the urban forest structure and composition of Melbourne." Urban Forestry & Urban Greening 12(4): 417-425.
Coutts, A., et al. (2015). "Temperature and human thermal comfort effects of street trees across three contrasting street canyon environments." Theoretical and Applied Climatology: 1-14.
Pyper,W. (2004). "Do Greener Cities mean healthier people?". ECOS 119
Commonwealth of Australia. 2013. "State of Australian Cities Report 2013". Australian Government, Department of Infrastructure and Regional Planning. Canberra, ACT
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Stewardship plan, sustaining ecological function
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and 
distribution objectives
Objective
Inventory data including age, distribution,species mix,tree condition and 
risk assessment
High resolution assessments of existing and potential Dobbs et al 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Genetically diverse tree population
Detailed understanding of tree condition and risk
Diversity + condition assessed 2011; additional 
suitable species suggested in Diversity Guidelines 
by TreeLogic ans Aspect ; and in Dobbs et al 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/ State of Australian Cities Report 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Objective
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Coutts etal 2015
Pyper 2004
Water Sensitive Cities CRC
State of Australian Cities 2013
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Integrated goals and action
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
Maintenance for maximum benefits, tree health/condition and longevity
Regional planning, management and co-ordination
Resource Management
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London 
 
 
 
 
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011) - Melbourne Urban Forest Strategy- Street trees
Criteria Rating Verify Comments Reference
Relative canopy cover
X
yes
Measured as part of Urban Forest Strategy 2012 prep
10.2% tree canopy cover in road network , 11% city 
wide canopy cover;22% public realm canopy cover
Age distribution 
X
yes
(Assessed 2011) All trees assessed annually or 
biennially with age updated at time of assessment
Species suitability
X
yes
Diversity guidelines
Dobbs et al 2013
Species diversity
X
yes
Tree condition
X
yes
Assessed 2011 + useful life expectancy. All trees 
assessed annually or biennially 
Publicly owned natural areas N/A
Native vegetation N/A
Criteria Rating Verify Comments Reference
Public agency co-operation X
yes
Urban Forest Strategy endorsed as complementary 
to open Space Strategy and supporting Future 
Melbourne Community Plan and Coucil Plan
Drivers= sustainability, liveability, climate change 
resilience, health, well-being
Support from Mayor; plus parks, planning, transport, 
sustainability, urban design, water and asset 
support
Involvement of large private land holders N/A N/A
Green industry cooperation X
yes
Contract specifications and planning regulations 
promoting high standards??? Collaboration with 
NGIA and NGIV.  Growing Green Guide.
Neighbourhood Action X
yes
Exemplar community engagement. Award winning 
Strategy. Built from both sound science evidence, 
community input, precinct planning participation; 
testimonials and participation in Urban Forest 
Visual and workshops;
Citizen Forester program
Melb Urban Forest Strategy and Precinct 
Plans
Citizen- municipality- business interaction X
yes
Urban Forest Strategy built with input and ongoing 
support from community, business, developers and 
government
Awareness of trees as a Community resource X
yes
positive feedback and participation levels in 
Precinct planning, workshops, Urban Forest Visual, 
and project implementation.
Supported by ongoing research partnerships  
promoting mulitfunctional, good value for money 
asset
Regional Cooperation X
yes
Collective assessment of urban forest values began 
with Melbourne Urban Forest Accord- regional 
engagement
Current benefit valuations involving collaborative 
projects with adjacent shires
Engagament with state level agencies- National 
Trust(Vic), and other Melb municipal neighbours. 
Collaboration with State Govenment on UF projects 
such as 'How to grow an urban forest'
Criteria Rating Verify Comments Reference
Tree inventory X
yes
Inventory last completed 2011? All trees assessed 
annually or biennially that includes all inventory 
data listed in purple
Canopy cover assessment X
yes
Mapping of canopy cover: plus UHI mapping and 
urban forest profile mapping. Annual mapping
Citywide management X
yes
Melb Urban Forest Strategy 2012-2032
Municipal funding X
yes
Delivery in partnership with developers, business 
and community
City staffing X
yes
Urban Landscapes unit- policy, planning, 
engagement, implementation;
Contractors and partners delivery
Tree establishment planning and implementation X
yes
Precinct planning with local community;
Boulevard Master Plans
Driven by aging, vulnerable tree population and incr 
population growth
Tree habitat suitability X
yes
Diversity Guidelines: species fact sheets;
Street tree species trials;
Urban Ecology and Biodiversity Strategy;
Growing Green Guide for Melbourne
Tree Maintenance X
yes
Proactve and request maintenance including pest 
and disease mgt; succession planning; 
Tree risk management X
yes
Tree retention & removal policy guidance. All trees 
assessed annually or biennially with tree risk 
Tree protection X
yes
Tree Protection Guidelines;
ExceptionalTree Register in planning scheme
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs https://www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/About.aspx
Dobbs, C., et al. (2013). "The effects of land tenure and land use on the urban forest structure and composition of Melbourne." Urban Forestry & Urban Greening 12(4): 417-425.
Coutts, A., et al. (2015). "Temperature and human thermal comfort effects of street trees across three contrasting street canyon environments." Theoretical and Applied Climatology: 1-14.
Pyper,W. (2004). "Do Greener Cities mean healthier people?". ECOS 119
Commonwealth of Australia. 2013. "State of Australian Cities Report 2013". Australian Government, Department of Infrastructure and Regional Planning. Canberra, ACT
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Stewardship plan, sustaining ecological function
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and 
distribution objectives
Objective
Inventory data including age, distribution,species mix,tree condition and 
risk assessment
High resolution assessments of existing and potential Dobbs et al 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Genetically diverse tree population
Detailed understanding of tree condition and risk
Diversity + condition assessed 2011; additional 
suitable species suggested in Diversity Guidelines 
by TreeLogic ans Aspect ; and in Dobbs et al 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/ State of Australian Cities Report 2013
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Objective
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
www.melbourne.vic.gov.au/Sustainability/UrbanForest/Pages/
Coutts etal 2015
Pyper 2004
Water Sensitive Cities CRC
State of Australian Cities 2013
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Integrated goals and action
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
Maintenance for maximum benefits, tree health/condition and longevity
Regional planning, management and co-ordination
Resource Management
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Sacramento 
 
 
 
Assessment against - "Criteria for Strategic Urban Forest Planning and Management" (from Kenney et al 2011) - Sacramento Shade Tree Program- Street trees
Criteria Rating Verify Comments Reference
Relative canopy cover X Yes
McPherson 1998
Age distribution X Yes
American Forests website-10 best UF cities 
Fact Sheet
Species suitability ? Yes 1996- State of the Urban Forest Reprt- CUFR
Species diversity ? Yes
Tree condition X Yes
Publicly owned natural areas N/A Yes
Native vegetation N/A Yes
Criteria Rating Verify Comments Reference
Public agency co-operation X
Yes
Within City of Sacramento- Department of Pubic 
Works, Mayor's commitment to Climate Protection 
Agreement, and planning dept in relation to 
development standards for car park shade and tree 
canopy provision
Involvement of large private land holders N/A Yes N/A
Green industry cooperation X
Yes
Standards for planting and care published on  City of 
Sacramento website& STF website
http://www.sactree.com/ 
Neighbourhood Action X
Yes
Particularly through the SMUD/STF trees on private 
property for energy conservation and cooling. 
Extends to schools, parks and open space- and 
NeighborWoods- streets? Stewardship?
http://www.sactree.com/ 
Citizen- municipality- business interaction X
Yes
Long, successful history of SMUD-STF-City 
partnership in planting programs, business and 
community outreach, regional strategic planning
Awareness of trees as a Community resource X
Yes
Assisted by STF partnerships with CUFR and 
translation of research to both investment programs 
and commuity advocacy and participation. Practical 
applications= Events, Tree Tours, skills building, 
award celebrations
Regional Cooperation X
Yes
Greenprint 2005 - exemplar regional strategy - 
covering 22 cities, including Sacramento, and 6 
counties- supported by Sacramento Municipal Air 
Quality Mgt District, Sacrmento Area Council of 
Governments, California Dept of Froestry and Fire 
Protection, California ReLeaf
Sacremto Tree Foundation (STF) Greenprint
Criteria Rating Verify Comments Reference
Tree inventory ? Update 
since 2009
 We have 
ongoing 
updates 
performe
d by city 
staff.
2009 inventory - 71,463 street trees, plus up to 
85,000 more in utility easements maintained by 
property owners
Seamans 2013
American Forests website-10 best UF cities 
Fact Sheet
Canopy cover assessment ? Updated 
measure 
since 2005 See Earth 
Define 
website
Measured and reported - last measure 2005? American Forests website-10 best UF cities 
Fact Sheet
Greenprint 2005 
http://www.sactree.com/pages/30
Citywide management X
Yes
Urban Forest Management Plan 1994, includes 
115,000 street,park and city facility trees.Supported 
since by Greenprint 2005 aspirations/actions/steps
City of Sacramento - website
Municipal funding X
Yes
Provides for planting 1-2,000 new street trees 
annually? Plus proactive and reactive maintenance.
SMUD investment on private property shade tree 
planting with STF $1.5m per year since 1990 
City of Sacramento - website
City staffing X
Yes
Reported 27 FT staff, plus City Forester + contractors American Forest - Top 10 UF cities - Quick Fact 
sheet
Tree establishment planning and implementation X
Yes
Strong action plan for shade tree 
expansion/planting, supported by 
care/establishment services and citizen 
engagement
Tree habitat suitability ?
X Not 
codified, 
however 
staff 
does 
select 
Most site species matching work done for private 
property- maximising energy savings/cooling.
Spillover to street tree species site matching?
http://portal.cityofsacramento.org/Public-
Works/Maintenance-Services/Trees/Street-
Tree-List
Tree Maintenance X 
Survival 
rate 
measures
?
Y s.We 
are not 
currently 
tracking 
survival 
rates at 
Strong action plan for shade tree 
expansion/planting, supported by 
care/establishment services and citizen 
engagement. 
City of Sacramento - website
Tree risk management X
Yes
Proactive maintenance describes risk assessment 
and formative pruning cycles
City of Sacramento - website
Tree protection X
Yes Tree Ordinances and development controls
American Forest - Top 10 UF cities - Quick Fact 
sheet
Natural Area management N/A N/A
Street tree oriented criteria/objectives in bold
Measures and values based criteria in purple shading
Refs http://www.americanforests.org/our-programs/urbanforests/10-best-cities-for-urban-forests/10-best-cities-for-urban-forests-sacramento/sacramento-urban-forest-fact-sheet/
http://www.sactree.com/
Silvera Seamans, G. (2013). "Mainstreaming the environmental benefits of street trees." Urban Forestry & Urban Greening 12(1): 2-11.
McPherson, E. G., et al. (1998). "Estimating cost effectiveness of residential yard trees for improving air quality in Sacramento, California, using existing models." Atmospheric Environment 32(1): 75-84.
Greenprint 2005 http://www.sactree.com/pages/30
https://www.smud.org/en/residential/environment/shade-trees/
http://portal.cityofsacramento.org/Public-Works/Maintenance-Services/Trees/Programs
www.coolcalifornia.org   Case study:Sacramento Tree Foundation - accessed 29/04/2015
McPherson,E.G 1998. "Structure and Sustainability of Sacramentos Urban Forest". Journal of Arboriculture. 24(4);174-190
Sacramento Urban Forest Task Force 1996. State of the urban Forest Report 1996. City of Sacramento/Sacramento Tree Foundation, Sac. CA
Stewardship plan, sustaining ecological function
Objective
Inventory data including age, distribution,species mix,tree condition and risk 
assessment
High resolution assessments of existing and potential
Comprehensive urban forest management plan
Urban forest renewal driven by canopy cover, species diversity and distribution 
objectives
Cross department cooperation based on common goals
Large private landholders engaged through resource mgt plans
High professional standards in industry & commitment to city goals
Citizens understand and cooperate in urban forest management
Canopy cover measures and goals. Structure, 
composition and condition, functions and 
ecosystem services values (air quality, cooling and 
energy conservation)- vintage around 1994, 1996 
and 1998- some remeasures completed for 
Greenprint 2005- next measures scheduled for 2014
Suggested species to diversify pubished in 
McPherson 1998. Progress towards more diverse 
and adpated species??
"Quality" rated "better than normal" in Am Forests 
Top10 cities assessment
Vegetation Resource
Objective
Climate-appropriate tree cover
Uneven aged distribution
Suitable and adapted species
Genetically diverse tree population
Detailed understanding of tree condition and risk
Objective
Detailed understanding of publicly owned natural areas
Preservation & enhancement of local natural biodiversity
Community Framework
http://portal.cityofsacramento.org/Public-Works/Maintenance-
Services/Trees/Programs
American Forests website-10 best UF cities Fact Sheet
http://www.sactree.com/
www.coolcalifornia.org   Case study:Sacramento Tree Foundation - 
accessed 29/04/2015
https://www.smud.org/en/residential/environment/shade-trees/
http://www.sactree.com/
Centre for urban Forest Research-Davis
Sacramento Urban Forest Task Force 1996
Risk rating system, responsive risk abatement program
Tree protection policies and enforcement
Public understands the role of the urban forest
Integrated goals and action
Funding to implement citywide management plan
Adequate and trained staff to implement citywide management plan
Species site matching to ensure benefits per site maximised
Maintenance for maximum benefits, tree health/condition and longevity
Regional planning, management and co-ordination
Resource Management
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